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— PREFACE. 


In the course of an experience of many years in a chemical 
laboratory, the author has had occasion to examine, for one 
purpose or another, a large number of waters. Questions in 
regard to the sanitary quality of a water, its adaptability for 
public city supply, its availability as a boiler water, whether it 
has valuable medicinal qualities, so that it can be used for 
drinking or bathing purposes, or can be shipped as a com- 
mercial water, are constantly coming up. 

By keeping a careful record of the examinations made through 
a series of years in Kansas, the author has been able to draw . 
upon much valuable data in the preparation of these pages. 
As the state has been in the process of development, and 
through one or two ‘‘boom periods,’’ everything that appeared 
to be of prospective value has been investigated. Many pros- 
pect ‘‘borings’’ have been made, especially since gas and oil 
have been found so abundantly in the eastern part of the state. 
By popular subscription, often, wells have been sunk, with the 
avowed purpose of ‘‘ finding out what was below us.’’ Some- 
times these have been ‘‘dry holes’’; but often, if they yielded 
nothing else, they have produced a mineral water, which, though 
not always immediately of commercial value, has proved of sci- 
entific interest. 

The chemical analyses thus made have, many of them, been 
qualitative only, but: they have been sufficient to show whether 
the waters probably possessed valuable therapeutic qualities. If 
they seemed to be of value, a more complete quantitative 
analysis was usually made. Without paying much attention to 
the marvelous cures ‘‘said to have been accomplished”’ by these 
waters, it was thus possible to obtain some facts as to their 
probable value. Some of the springs and wells discussed in the 
following pages are only ordinary, wholesome waters, though 
they may have acquired a local reputation in the treatment:of 
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disease. From the analysis, however, it is not difficult for the 
medical practitioner to ascertain whether a given water will 
probably be useful in a certain specific case. 

Although this report contains analyses made by the author 
as early as 1883, and from that time to the present, yet it is 
only since 1896 that any special attention has been directed to 
the systematic analysis of the mineral waters of the state. The 
more important localities have been personally visited, and sam- 
ples of water have been secured, and, at the same time, special 
observations have been made upon temperature, flow, situation, 
dissolved gases, etc., which could be made only at the original 
source of the water. 

There are included in the list of analyses, however, quite a 
large number of waters that have been analyzed at the State 
' Agricultural College, at Manhattan, by Prof. G. H. Failyer and 
his assistants, reports of which have been published in various 
scientific periodicals. Other analyses, as reported by chemists 
outside the state, are also quoted. The department is also in- 
debted to Dr. E. B. Knerr, of Midland College, Atchison, for 
his constant interest in the work, and for furnishing analyses 
of the waters in the vicinity of Baxter Springs, Atchison, and 
from Brown county. 

Several of the faculty of the Chemistry Department, especially 
Prof. E. C. Franklin, Prof. H. P. Cady, Mr. D. F. McFarland, 
and some advanced students of the University, have contributed 
not a little to the facts here recorded. The analyses are, as far 
as possible, credited to the proper persons. 

It has been the object of the department to thus collect and 
preserve in a permanent form, for the benefit of the citizens of 
the state, as much reliable material as possible on the mineral 
waters.. It has not been thought to be advisable to include in 
this volume the very closely related subject of the potable wa- 
ters of the state, city supplies, and those used for domestic sup- 
ply; so the investigation of the rivers and streams has been 
left for a later and more extended research. 

It is not possible in a limited time to describe and study all 
the so-called mineral waters of the state, and it is quite probable 
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that some wells and springs having considerable reputation 
have been omitted; but if this proves to be the case, it is be- 
cause diligent inquiry has failed to find them. 

Most of the plates are made from photographs by the author, 
the object being to show what improvements have already been 
made and what natural advantages the localities offer. The 
plates showing geological sections and maps illustrative of geo- 
logical position, as well as the text of two important chapters, 
were prepared by Dr. W. R. Crane, of the University Faculty. 


INTRODUCTION. 


Ir is evident that a geological survey of a section is not com- 
plete unless considerable attention is paid to the mineral wa- 
ters, for they hold in solution the soluble constituents of the 
soil and the rocks, and their composition depends on the con- 
stitution of the superficial or underground strata. 

The chief writers on this subject in the United States, aside 
from those who write in government reports, are Dr. John 
Smith, the author of ‘‘Curiosities of Common Water,’’ Ameri- 
can reprint, who wrote in 1725. Dr. John ‘Smith published a 
book on ‘‘Baths and Mineral Waters,’’ 1831, and also wrote 
‘‘Mineral and Thermal Springs of the United States and Can- 
ada,’’? 1873. Dr. J.J. Moorman wrote ‘‘ Mineral Springs of North 
America in 1873.’’ Dr. Geo. E. Walton wrote ‘‘ Mineral Springs ”’ 
of United States and Canada,’’ third edition, 1883. A very 
complete compilation was made by acommittee of the American 
Medical Association in 1880. In 1885 Doctor Bell published 
‘Climatology and Mineral Waters of the United States.’’ 

In Bulletin No. 32, United States Geological Survey, 1886, 
Doctor Peale mentioned 2822 mineral-spring localities and 8843 
individual springs, 634 of which were utilized as resorts, and 223 
as sources of commercial mineral water. Besides the above, 
there is a large amount of valuable material in the reports of 
the geological surveys of the various states and of the United 
States. The most recent work published in this country is 
‘Mineral Waters of the United States, and their Therapeutic 
Uses,’’ by Dr. James K. Crook, Philadelphia, 1899. An inter- 
esting historical bibliography on mineral waters appeared in 
the report of the mineral waters of Missouri, by Doctor 
Schweitzer, pages 236-244. A partial bibliography of mineral 
waters is given in the latter part of this book. 

According to the report of the U. S. Geological Survey on 
‘©The Production of Mineral Waters,’’ for 1900, by A.C. Peale, 
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there are in the United States from 8000 to 10,000 mineral 
springs, and of these about 500 report sales of waters. The 
average price charged per gallon was 12.5 ceats; the total 
number of gallons sold was 45,276,995, having a value of 
$5,791,805. Soit may be seen that this is no inconsiderable 
industry. Wisconsin reports the largest amount of water sold, 
and this state is followed by Texas, Massachusetts, and New 
York. In Kansas only six springs are reported for that year, 
with a total sale of but 52,475 gallons. 

The amount of mineral water, both natural and artificial, 
that has been imported has steadily increased, from about one 
and one-half million gallons in 1884 to nearly two and one-half 
millions in 1900. 

That mineral springs add to the wealth of a locality is readily 
conceded. This is the case because they become places of re- 
sort, and expensive hotels and bathing establishments are 
erected ; also on account of the business of bottling the waters 
for shipment; and, in a few cases, on account of the manufac- 
ture of mineral salts for physicians’ use, by the evaporation of 
the waters. 

Says a well-known authority: ‘‘It has long been known 
that mineral springs are numerous in the United States, among 
which all classes of waters may be found. That the majority 
are unimproved is due mainly to the comparative newness of 
the country, and the consequent sparseness of the poplation— 
especially in the territories and the extreme Western states— 
and also to the fact that the springs have not as yet been made 
the subjects of careful and complete investigation as is the case 
of so many foreign springs. Many of the springs allowed to 
run to waste would, in most European countries, be of consid- 
erable yalue.’’ 


L A Treatise on Beverages, by Chas. H. Sulz, p. 507. 


PART I. 


GENERAL DISCUSSION OF MINERAL WATERS. 


CHAPTER I. 


THE SOURCES OF MINERAL WATERS. 


SOME DEFINITIONS. 


1. Herpin defines mineral waters as all waters which, by the 
nature of their principles or by their therapeutic action, differ 
from drinkable waters. 

2. Ossian Henry, sr., says: ‘‘Mineral waters are those wa- 
ters which, coming from the bosom of the earth at variable 
depths, bring with them substances which may have upon the 
animal economy a medical action capable of giving rise to 
effects often very salutary in the different diseases affecting hu- 
manity.”’ 

3. M. Durian-Fardel, speaking of mineral waters, says they 
are ‘‘natural waters which are employed in therapeutics be- 
cause of their chemical composition or their temperature.”’ 

4. A mineral water, in the medical acceptation of the term, 
is one which by virtue of its ingredients, whether mineral, or- 
ganic, or gaseous, or the principle of heat, is especially applicable 
to the treatment of disease.” 

5. Mineral waters are those natural waters which contain 
an excess of some ordinary ingredients or a small quantity of 
some rare ingredients, and which on this account are used as 
remedial agents. 

As an indication of what the United States government is 
doing in gathering statistics of the production of mineral wa- 
ters, and to show how much the term ‘‘ mineral waters’’ covers, 
the following, by A. C. Peale, of the United States Geological 
Survey, from the circular just sent to all the mineral springs 
proprietors in the United States, is quoted: 


‘‘Our reports do not restrict the term ‘mineral waters’ to medicinal waters, 
but includes all spring waters put on the market, whether they are utilized as 


2. Mineral Springs of United States and Canada, Walton, page 14. 
(25) 
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drinking or table waters, or for medicinal purposes, or used in any other way. 
If the water comes from a spring and is put on sale—in bottles, jugs, barrels, or 
any other way —it is entitled to a place in our reports. If, therefore, you sell a 
spring water, please send us an estimate of your sales for 1901, no matter what 
the amount—large or small. The information received is regarded as confi- 
dential, the figures, as published, being included in the totals by states, as will 
be seen on reference to the report sent you herewith.” 


In studying these waters, there is also a class of waters some- 
times called neutral, like the Poland spring, in Maine, which 
are simply very pure, and which have a beneficial effect upon 
the system when taken in large quantities by reason of their 
very purity. These contain no special mineral constituents, but 
sometimes, on account of the heat at which they are discharged 
from the earth, or sometimes simply because of their very 
purity, they have found favor as remedial agents. 


ORIGIN OF MINERAL WATERS. 


It is no doubt true that the study of the origin of mineral 
springs belongs properly to the science of geology; yet as the 
geologist must refer ultimately to the chemist in explaining 
this subject, it is proper to consider it from this standpoint also. 
M. Garrigau divides the geological distribution as follows: 

1. Warm waters are found in the oldest rocks (granites). 

2. Bicarbonate and gaseous waters in the midst of volcanic 
rocks. 

3. Ferruginous waters should have their origin in the strata 
of transition. 

4. Simple saline waters, obtained in the secondary strata or 
at their limits. 

Our best received theory in regard to the earlier history of 
water is, that while this globe was hot and surrounded by va- 
pors there was mingled with the vapor of water that of other 
substances which at the present time are solids. This condens- 
ing vapor would carry with it to the earth greater or less quan- 
tities of other elements condensed, and these no doubt formed 
a basis for the oceans as they now exist. As the sea has given 
up much of its mineral matter to the earlier forms of life—that 
is, as such immense quantities of fossil remains containing sub- 
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stances that originally were present in the waters are found—it 
is possible that the ocean has changed much in composition.’ 

It is easily understood, however, that the great contributions 
to the solid matter of the sea have come from the mineral mat- 
ter dissolved from the streams that are continually carrying 
their burden to the ocean. These streams not only carry im- 
mense quantities of suspended matter which is building the 
great deltas in front of the mouths of the large rivers, but they 
have carried the soluble matter of the rocks and soils over which 
they have passed. On this theory, too, one should expect to 
find all the elements that are found on land in varying propor- 
tions in the sea water. This is practically true, for even such 
an insoluble substance as gold is present in an appreciable 
quantity. Forchhammer’® mentions twenty-seven of the ele- 
ments as found in the sea water, and to these, others such as 
arsenic, lithium, cesium, rubidium and gold should be added. 

Dittmar,‘ in his report on the waters collected in the ‘‘Chal- 
lenger’’ expedition, gives the following as the average composi- 
tion of sea water: 


Uncombined. Combined. 

hilorin (Ole s cea, eae ais.n ors 50.292 | Sodium chlorid (NaCl)....... 17.758 
Bromin (BB)mec ace ones ce .188 | Magnesium chlorid (MgClo)... 10.878 
Sulfuric anhydrid (SOs)...... 6.410 | Magnesium sulfate (MgSO;).. 4.737 
Carbonic anhydrid (COz)..... .152 | Calcium sulfate (CaSOu:)...... 3.600 
Calotum'oxid((‘CaO)ra 2 12. 1.676 | Potassium sulfate (KeSO.).... 2.465 
Magnesium oxid (MgQO)....... 6.209 | Magnesium bromid (MgBrz).. 217 
Potassium oxid (K2O)........ 1.332 | Calcium bicarbonate 

Sodium oxid (Na2O).......... 41.234 (Cabo Osioer ecciciasescs st 345 
Less oxygen equivalent. ...... gee Total salts........0. 0.06 100.00 

otal altsss cae cass oo. Ne te 100.00 


Other authors state the saline matter in the ocean to be from 
3.47 to 3.51 per cent., and note the fact that inland seas would 
not be so strong where they received large accessions of fresh 
water from rivers, while in some situations bays and shallow 
seas might become more concentrated from excessive evapora- 
tion of water. 


3. Philos. Trans. K. C. I. V., p. 205. 
4. Report of the Voyage of the ‘ Challenger,” 1884. 
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As sea water contains calcium carbonate, which is appreciably 
alkaline, and as it is in contact with the great oceans of atmos- 
phere above, it naturally absorbs the gases contained therein. 
Dittmar’ found that a liter of sea water would take up, at zero 
degrees C., 15.60 cc. of nitrogen and 8.18 cc. of oxygen, while at 
thirty degrees the proportions were 8.36 cc. of oxygen and 4.17 
cc. of nitrogen. Buchanan’ found the amount of carbon dioxid 
in surface-waters to be at twenty to twenty-five degrees C. from 
.0466 grams per liter to .0268. The carbon dioxid is mostly 
united with sodium, although a small amount is united with 
calcium. 

RAIN WATER. 

The rain, which has been evaporated from the surface of the 
earth, which floats over our heads in clouds, is condensed and 
again waters the earth, is the original material from which 
mineral water is made. As it answers as a vehicle for dissolv- 
ing and transferring the mineral substances, its characteristics 
and composition should be first discussed. As the rain falls 
through the air it not only takes up the dust and floating par- 
ticles, which in cities and manufacturing districts are liable to 
be abundant, but it absorbs certain gases. The per cent. of 
these gases, by volume, according to Baumert,’ is, of nitrogen, 
64.47; of oxygen, 33.76; of carbon dioxid, 1.77. We find nor- 
mally about three parts of carbon dioxid in 10,000 parts of 
the atmosphere, and the carbon-dioxid gas being very soluble 
in water, the rain as it descends is found to contain fifty times 
as much as the same volume of air would contain. 

The newly discovered gases argon and helium are probably 
also present in rain water. Nitric or nitrous acid, uniting with 
ammonia, will be found in considerable quantity, and in the 
vicinity of towns and manufacturing centers hydrogen sulfid 
and sulfuric acid, and even such a solid substance as sodium 
chlorid (common salt) is liable to be present in rain water, 
especially in the vicinity of the ocean. Interesting experiments 


5. Report of the Voyage of the ‘“‘ Challenger,’ 1884, 
6. Proc. R.S., vol. 24. 
7, Ann, Chem. Pharm, LXXX, VIII, p. 17. 
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on this point have been made under the direction of boards of 
health, both in Europe and this country. In Massachusetts, 
for instance, a study was made of the well waters with respect 
especially to their chlorin contents, and it was found that the 
line of equal chlorin content was quite closely parallel to the 
coast-line, and as the wells were farther away from the coast 
the amount of salt in the water diminished quite regularly in 
proportion to that distance. The fine particles of salt are car- 
ried in the air, especially during storms, and the rain washes 
this salt into the soil, so that its presence may be detected in the 
well waters. At Land’s End,* in Cornwall, it was found that 
rain contained 3.59 parts of salt per 10,000 parts of water, while 
the mean proportion in England is only .022 per 10,000. 

Though we may have what may be called distilled water in 
the clouds, it is evident that by the time it has reached the earth 
this water has taken up many impurities. For instance, J. 
Pieirre estimated that in France each hectare of land received 
annually from the rain alone 78.5 kilograms of mineral matter 
which had been washed out of the atmosphere. 

The rain water, having reached the surface of the earth, be- 
gins to do chemical work on the substances which come in con- 
tact with it, and these things which the rain water has absorbed, 
especially oxygen, carbon dioxid, and organic matter, assist 
greatly in producing these chemical changes. According to 
Geikie,’* these changes may be best considered as: 

1. Oxidation, from the oxygen in the water. Common ex- 
amples of this are the changing of the sulfids to sulfates, as the 
change which takes place in ordinary pyrite by which it be- 
comes copperas and later limonite, with the setting free of sul- 
furic acid. In all zinc and lead regions, as in the southeastern 
part of Kansas, localities are found where the blend (zinc sul- 
fid) has been changed partially to zinc sulfate, and even galena 
(lead sulfid) to lead sulfate, by oxidation. 

2. Deoxidation, as when organic and vegetable matter re- 
duces sulfates to sulfids, which, in contact with water and car- 


8. Text-book of Geology, Geikie, page 341. 
9 Text-book of Geology, Geikie, pp, 343-315. 
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bon dioxid, give off hydrogen sulfid. This may be considered 
a common source of hydrogen sulfid in so-called sulfur waters. 

3. Solution, as in the case of salt and to some extent gypsum. 
This solution is frequently very much aided by the presence of 
carbon-dioxid gas in the water. Gypsum, for instance, dissolves 
in the proportion of one part per 1000 in water saturated with 
carbon dioxid; but it dissolves in the proportion of about one 
part per 400 in ordinary water. 

4. The formation of carbonates, as in the case of complex 
silicates like feldspar, which absorbs the carbon dioxid from the 
rain water and forms carbonates with the liberation of silica. 
By the process of disintegration, clay, a hydrous aluminum 
compound, is formed, while nearly all the other elements of feld- 
spar are dissolved and carried away by the water. 

5. Hydration, as in the case of minerals like anhydrite, 
which by absorbing water leaves gypsum, and some iron min- 
erals, which after oxidation take up the water. 

SEA WATER. 

As without doubt the original water upon the earth’s surface 
was sea water, in the study of mineral waters it is appropriate 
to study ocean water first. M. Antoine D. Saporta™ says that 
the taste of sea water is due to the presence of salt, and the pe- 
culiar bitter taste to the magnesium salts in the solution. It 
was once held that the bitter taste was due to bitumen, and, in- 
deed, artificial sea water was made in the time of Louis XIV, 
and bitumen in small quantities was actually introduced to imi- 
tate the taste, but M. Lavoisier, more than 100 years ago, dis- 
tilled sea water and proved that there was no bitumen in it, and 
that the bitter taste was due rather to magnesium salts. The 
ocean may be considered as a great inexhaustible mineral 
spring. The ingenuity of man has been taxed many times to 
obtain pure drinkable water from the brine of the ocean, and 
numerous ingenious devices have been brought forward for 
this purpose. Practically, however, the only efficient method 
is simply the boiling of the water and condensing the steam. 


10. Pop. Sci. Mo, XXVI, pp. 529-541; trans. from Revue des Deux Monde. . 
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‘It is generally known that a strong dose of sea water acts 
as an emetic; in larger proportions it is a purgative and diu- 
retic. Dioscroides advised diluting it with honey, which might 
perhaps produce an effective medicine, but certainly not a 
savory one. At the beginning of this century it was diluted 
with wine, but such a mixture would hardly be better than the 
previous one. It was prescribed in Spain against yellow fever, 
and in England against worms; in the former case as anemetic, 
and in the second case milk was added to it, so that the child 
could drink it without aversion.”’ 

On concentrating, sea water deposits calcium carbonate, cal- 
cium sulfate, sodium chlorid, then the magnesium salts, while 
bromin and iodin compounds accumulate in the mother-liquors 
and can be finally obtained from this source. It is a well- 
known fact that brine springs, especially some found in Ohio - 
and West Virginia, contain sufficient quantity of bromin so that 
the mother-liquor, after the separation of salt, is used for 
the manufacture of bromin. l[odin was discovered in 1812 by 
Courtois in sea water. Moloquette discovered copper, lead, 
sulfur and iron in seaweed, and they were afterwards found in 
sea water. Some compounds of iodin and bromin, especially 
’ the former, seem to be concentrated in animal tissue, as in the 
familiar case of iodin in cod-liver oil. M. Dieulafait showed 
that the Dead Sea was not originally a part of the Red Sea, as 
he found neither iodin, lithium nor sulfur in the Dead Sea and 
found them in the Arabian gulf. 

WHAT IS A MINERAL WATER? 


‘‘By their very characteristics,’’" says Mr. Kellar, ‘‘mineral 
waters yield to a rigorous method of classification with great 
difficulty. These are complex compounds, or rather mixtures of 
variable composition. These contain very many substances in 
solution in greater or less proportion of all the soluble elements 
of the regions through which they circulate or which they trav- 
erse before gushing from the surface of the soil. The multitude 
of these elements, the chemical analysis of which has not al- 


11. A Sketch of the Natural History of Mineral Waters, Frederick Maurin, Sanitarian, vol. 
33, pp. 203-209, 
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ways revealed their mode of composition, renders the rational 
classification of mineral waters very difficult and very compli- 
cated, and the necessity of keeping account of their action on 
the economy and of their medicinal role, which often seems due 
to certain substances found there in very small quantity, tends 
still more to increase the difficulty.”’ 

THE CHANGES THAT MINERAL WATERS MAY UNDERGO. 


The question may properly be asked, Do mineral waters 
change their composition? Usually they do not; this may be 
shown by acomparison of the analysis of a Saratoga water made 
by Doctor Steel and one of the same water made by Doctor 
Chandler thirty-nine years later, and these two practically 
agreed. In the case of the Great Spirit spring, or Wacanda 
No. 1, the analysis made twenty-one years ago agrees essen- 
tially with the analysis made in 1901. 

There is an interesting case of a water in Switzerland in which 
at one time it was reported that iodin was found, and later it 
could not be found. A more complete investigation showed 
that in reality the amount of iodin varied from day to day, from 
none at all, sometimes, to a maximum of 2.25 parts per 10,000 
of water. 

‘‘The following changes may take place in the composition of 
water,’’ says Professor Wiln: * 

‘*J. Periodic variation, dependent on the mineral water being 
more or less mixed with superficial sheets of water. 

‘*2. Progressive or secondary, dependent on the rocks washed 
by the waters, which may be different on account of storms in 
different places or being more or less diluted. 

‘3. The action of sunlight may change the composition of 
the water. 

‘4. By exposure to the air, which allows the pressure to 
change and which at the same time allows oxygen to come in 
contact with the water, many changes may be brought about. It 
is a well known fact that the mineral matter is often deposited 


Bs cates Sketch of the Natural History of Mineral Waters, Frederick Maurin, Sanitarian, vol. 
» Dd. . 
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in large quantities from spring water which is allowed to stand 
in an open vessel. 

“5. A difference in temperature may change the composition, 
as substances held in solution at one temperature may not be 
soluble at another temperature.”’ 


GASES IN MINERAL WATERS. 


Oxygen may unite with the constitutents of the water and 
change the composition, as may also carbon dioxid and certain 
sulfur compounds. This is not true, however, of nitrogen, as 
it is so inert that it does not easily unite with the ordinary sub- 
stances present in the water. By the intervention of bacterial 
life, and as in the roots of certain plants like clover and alfalfa, 
the nitrogen of the air is ‘‘fixed’’ so that it can be assimilated, 
so the influence of plants on the composition of cultivated soil 
is too important to be ignored. 

Nitrogen, Argon, and Helium. 

It is an interesting fact that at one time a certain physiolog- 
ical action was attached to mineral waters, and some authorities, 
especially Spanish physicians, introduced a new class of mineral 
waters, namely ‘‘azoades,’’ or nitrogenous waters. It is quite 
probable, however, that what was frequently called nitrogen in 
mineral waters may have been largely helium and argon, as 
these new elements haye been discovered in mineral waters 
recently. Dr.C. H. Bouckard” has found helium and in some 
cases argon in the mineral waters of the French slope of the 
Pyrenees. He was led to this investigation by noticing that 
on the Spanish slope of the Pyrenees certain so-called nitroge- 
nous waters had been discovered. Ramsey“ has found argon in 
several mineral springs. Rayleigh” found helium in the pro- 
portion of 1.24 parts per 1000 in some of the Bath springs. It 
is by no means proven, however, that in some cases these gases 
may not have come directly from the air, having been dissolved 
in the rain water. It is not proven that the nitrogen in the 
water had a remedial action, any more than it has been proven 


13. Comptes Rendus, CXXI, p. 392. 
14. Chem, News, vol. 72, p. 95. 
15. Chem. News, vol. 73, p. 247. 
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that the gases argon and helium dissolved in the water have a 
therapeutic effect. 
Oxygen, Carbon Diowid, Hydrogen Sulfid, ete. 
All water contains in solution the gases that are in the air in 
certain proportions. In very pure water the amount of oxygen 
to nitrogen is: 


Oxy CON css. Serene ee be Fo tenses sete 30.2 
Nitrogen ix. sscacw ies ide ede eee 64.9 
100.0 


A thousand cubic centimeters (about a quart) of pure water 
dissolved 17.95 cc. of air. If water is impure it will not dis- 
solve so much of the oxygen; that is, the proportion between 
the two gases will change, as the oxygen is used up in oxidizing 
the organic or impure matter. 

Since the air that is dissolved in water is richer in oxygen 
than ordinary air, it is better adapted to the purpose of furnish- 
ing oxygen to fish for breathing. When the fish are in a con- 
fined volume of water they soon exhaust the water of oxygen; 
so this is replaced by blowing air into the water in aquaria, or 
by growing plants in the water, which also suppy oxygen. 

There seems to be a well-settled opinion that carbon dioxid, 
hydrogen sulfid and marsh gas are derived not from the air but 
from the soil, on account of certain changes that take place 
far below the surface of the earth. As natural gas consists 
largely of marsh gas (CH,), it is evidently formed at a depth of 
hundreds of feet below the surface, and it would not be incor- 
rect to affirm that the other gases that accompany the marsh 
gas—such as carbon dioxid and carbon monoxid— can be formed 
at great depths. Itis a matter of common observation that 
some mineral wells contain a large excess of carbon dioxid 
which escapes into the air when the water comes to the surface, 
as in the case of the Congress spring and the Hathorne at Sar- 
atoga. This carbon dioxid holds many of the elements in so- 
lution—such as calcium, magnesium, iron and manganese as 
bicarbonates. The less the pressure of the atmosphere the more 
rapidly will the gases be evolved. A familiar illustration of 
this fact is a vessel of water placed under the receiver of an 
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air pump. As soon as the pressure of the atmosphere is re- 
moved the gasses which are dissolved in the water rapidly 
make their escape. In some mineral springs it has been ob- 
served that the gases seem to bubble out more tumultuously 
before a storm. In the case of the deep wells of southeastern 
Kansas—where the water is pumped from a great depth and is 
exposed in reservoirs upon the surface—it has been observed that 
the turbidity of the water increases before a storm. This would 
be easily accounted for on the theory that the air at such times 
(as shown by the barometer) is much lighter than ordinarily, 
and on this account the gases which are dissolved in the water 
—especially hydrogen sulfid and carbon dioxid—would escape 
more readily and more abundantly into the air, and thus cause 
greater turbidity. 
THE FORMATION OF SALINE SPRINGS. 

As has been stated, the ocean water is a type of the mineral 
waters, and in fact the water of the ocean is the original min- 
eral water. This has evaporated and the condensed water has 
fallen upon the surface of the earth, and has the opportunity to 
take up the gases from the atmosphere and minerals from the 
earth. The substances thus dissolved are carried by the rivers to 
the sea. This is a case of solution, and the tendency is simply 
to greatly increase the mineral contents of the ocean or to make 
it more and more concentrated. It is but proper to consider 
what is the origin of the material, especially the gypsum and 
salt in the earth. M. Dieulafait,’ discussing this subject, sug- 
gests three hypotheses that have been proposed to account for 
the origin of gypsum and salt: 

1. Sulfuric acid coming up from the depths of the earth 
may have acted on the calcium carbonate and produced calcium 
sulfate. 

2. Sulfur dioxid, coming in like manner from the lower | 
regions, may have absorbed oxygen and become sulfuric acid, 
which has acted on the limestone as noted above. 

3. Salts already formed in the interior have been brought to 
the surface, either in solution or sublimed. 


16. Pop. Sci. Mo., vol. 21, pp. 826-835. 
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M. Dieulafait believes these hypotheses are wholly gratui- 
tous, and that ‘‘the salts held in solution in the waters of the 
seas, the salts existing in solid masses in the strata of our globe 
and those, which furnish the mineral constituents of saline 
waters have a common origin, and that this origin is exterior 
to the first strata that were formed in the consolidation of the 
earth.’’ 

According to the nebular hypothesis, when the temperature 
of the mass outside the cooling globe was from 2000 to 2500 
degrees C., then chlorin, sulfur, as well as hydrogen and oxy- 
gen, would not be united, as all bodies would be dissociated at 
this high temperature. As the mass cooled, only certain bodies 
could be formed, and another set of substances would be formed 
at another temperature. Thus sodium chlorid would have been 
condensed at a high temperature, but magnesium chlorid could 
not have been formed till the temperature was much lower; in 
fact, nearly as low as that of boiling water, as it is readily disso- 
ciated at that temperature. Metals combined with sulfur and 
chlorin; that is, those metals existing on the earliest crust of 
the earth, such as lithium, potassium, sodium, magnesium, and 
calcium, and those happened to be the chief constituents of sea 
water. Itseems to be well established from the earliest evidence 
of life that is found that the earlier seas did not differ materially 
in their composition, though they differed in a few constituents, 
from the ocean as it is at the present time. The simplest way 
of explaining the origin of these saline formations, then, would 
be to assyme that they were the result of the evaporation of sa- 
line lakes accidently isolated from the ocean. 

Experiments on saline waters have proven that the following 
deposits would take place upon the spontaneous evaporation of 
the water : 


Precipitate. 

Till 80 per cent. of original volume is evaporated... CaCOs, MgCOs, Fe (OH)s. 
BGT) UH more is evaporated................ Gypsum (CaSO.+-2H20). 
are ee a PPL SW drat itera praca ee No precipitation. 
ane) i ah San Aiea tictorinnen scan rote Sodium chlorid (NaCl). 
(eg oe A mae SONAR h ts Gaye NaCl+MgSox,. 

UP Brea “ es Le al feo token ee Carnellite (KCl, MgClz). 


Remaining 2 per cent. mostly...................... Magnesium chlorid (MgClo). 
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In consequence of this order of deposition, we should expect 
to find these minerals in the reversed order as we dig down 
into a deposit. The higher salts in the series will be less 
abundant and less likely to occur. If one of the upper groups 
is met with we should expect to find the other groups below it. 
It is remarkable that the strata of the Stassfurt (Prussia) beds 
show the deposition in the order named, and above the mag- 
nesium chlorid is a deposit of boric acid with the magnesium. 
A study of the ultimate mother-liquor of the water of the salt 
marshes of the south of France also shows considerable boric 
acid to be present. 

In the Rhone delta, where there is communication between 
the sea and an inland lake, and where the loss of water by 
evaporation is made up by more water from the sea, it is noticed 
that it continues to deposit gypsum atthe present time. Another 
good illustration of the way in which deposition is going on is 
seen in the Gulf of Karabogaz, on the east side of the Caspian 
sea, and communicating with it by means of a shallow channel. 
As there is constant and rapid evaporation in the gulf and no 
fresh water is coming in, but there is a constant inflow of wa- 
ter from the sea, the result is a continuous and increasing de- 
posit of gypsum. If the supply of water is at any time shut 
off suddenly we shall have a deposit of a series of salts noted 
above. 

If such is the true theory of the origin of the saline deposits, 
the saline waters which are so common in many localities, and 
are especially common in this western Mississippi basin, are the 
result of the evaporation of the waters originally constituting 
the primeval ocean. 

THE INFLUENCE OF HEATED WATER. 


Too much value can with difficulty be given to the influence 
of water, especially of hot water, in the formation of the crust 
of the earth. We know that under pressure water will pene- 
trate into rocks that have all the appearance of being solid. 
The artificial coloring of agates by the use of dyes is a good il- 
lustration of what is frequently done in the application of this 
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principle. The higher the temperature of the water the more 
rapidly the liquid will flow through the interstices in the rocks, 
and of course the greater will be the solyent action. It is a 
familiar fact that the minute cavities of rocks and crystals often 
contain concentrated solutions of the material of which the rock 
is composed. There is, in fact, a mother-liquor left in the 
crystal after it has been formed. As these crystals disintegrate 
this mother-liquor escapes and adds its mite of mineral salts to 
the water that flows over the rocks. 

Many experiments have been made on the solvent action of 
liquids upon rocks at a high temperature under pressure. Or- 
dinary glass is a silicate which in its composition suggests that 
of some of the rocks on the surface of the earth. Every chemist 
is aware of the action of ordinary chemicals on glass, and 
knows that in accurate analyses he cannot neglect the action 
even of boiling distilled water upon it. When water is used as 
a solvent for chemicals, especially for those which are alkaline 
in character, it becomes a still better solvent for glass. On this 
account we use platinum vessels in chemical analyses where 
great accuracy is required. 

THERMAL OR WARM SPRINGS. 

The high temperature of some waters as they issue from the 
earth is ascribed to several causes. Some argue that it is on 
account of the interior heat of the earth, as it has been noticed 
in some borings that there was a uniform increase in tempera- 
ture as the drill descended. This is far from uniform in differ- 
ent localities, however, possibly on account of the varying 
thickness of the crust of the earth. 

Others suppose that chemical action causes the heat of some 
waters. It is true that oxidation, of sulfur compounds espe- 
cially, does cause heat, and this and similar reactions may have 
warmed the water in some localities. 

It has been noticed furthermore that more thermal springs 
are found in volcanic districts or where there are evidences of 
former volcanic action than elsewhere. Thus, in the United 
States there are hardly any warm springs in the Northeastern 
states, but in the main body of the Appalachian chain, from 
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Virginia south they are numerous; there is a hot-spring area 
in Arkansas, in the vicinity of the Ozark uplift; and finally all 
through the Rocky Mountain region. The more the rocks have 
been displaced by disturbances, the greater the opportunity for 
these subterranean waters to escape. 

As there are all degrees of temperature in waters, we must fix 
an arbitrary point, say seventy degrees I’., and say thatany water 
having a temperature higher than this is to be classed as ‘‘ ther- 
mal.’”’ 

It may be of interest to note the temperature of a few impor- 
tant springs and wells, both American and foreign, first calling 
attention to some of the deep wells of southeastern Kansas that 


yield warm water. 
Degrees, Fahr, 


CRETOKORICLEVEWOll cee t pee Pessinc oe gos Rites i atk Miers toss eld eyes CLS 
Golumbuszerty ellie ote de. cates sek woes om alte eters Rene tuleh nite 75.2 
CRIT T CUCLUVS Wl cepa ee ae cicas otale cornices Hote Ly athe tease 75 
EWweb in SpRinoae West Varo Olae Wrest iste cast. cine Giese cae 74 
Heahne Springs. bath county, Virginia,.20.. omc <2 alsa eee 85 
Hons puings) Da thEcounty.! VALINIde cs, wants acceler kines aa. 98-106 
Bancombe county, North Caroliman..« sc... setae tae «.aiioi cies 84-104 
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CHAPTER II. 


THE USE OF MINERAL WATERS. 


HISTORY. 

From the earliest ages mineral and thermal baths have been 
considered of great importance in the maintenance of health 
and the cure of disease. Bathing was considered a sacred rite 
by the Egyptians, and the ‘‘washing in Jordan’’ and other 
streams, and in ‘‘pools’’ or springs, was made a religious 
duty by the Israelites. Their ceremonials included elaborate 
washing of the body and of various vessels. There was a cele- 
brated bathing place near the Dead Sea which was a favorite 
resort of Herod. 

The Greeks built the temples of Esculapius near some famous 
springs, and the Athenians took their summer ‘‘outing’’ at the 
sulfur baths of their ‘‘Saratoga,’’ the island of Eubea. The 
very name Thermopyle recalls by its etymology the warm baths 
of this locality. 

It is probable that there never was a nation that carried to 
such a degree the luxury and magnificence of bathing establish- 
ments as did the Romans. Their ‘‘therme,’’ as they were 
called, were buiit from the time of Agrippa, B.c. 21, to that of 
Diocletian, a. D. 302. Wherever Roman supremacy was estab- 
lished there the warm springs were developed, or bathing re- 
sorts were created, without sparing of expense for conveniences 
and artistic embellishment. The hot springs establishment at 
Baie, near Naples, where the wealthy Romans congregated 
for health and pleasure, was a maryel of beauty and elegance. 
It is interesting to find still the remains of this period of Roman 
grandeur and wealth in distant lands, as in Bath, England; in 
Bagneres de Luchon, in the Pyrenees, in Aix, in Provence, in 
Paris, and Wiesbaden. After the Roman aqueducts were cut 
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by the advancing hordes from the north, the great bathing re- 
sorts were, many of them, allowed to fall into decay, and now 
their remains only are left to point to those days of luxury. 
Early medical writers, as Hippocrates, Asclepiades, Celsus, 
and Galen, describe methods of treating disease by the external 
and internal use of water, and some of their methods are in use 
to-day. Vapor baths, especially for medicinal purposes, have 
been in favor among the people of Turkey, Russia, Ireland, 
Scotland, Japan, and Mexico. At the present time, in many of 
our popular resorts, the external use of water, under the advice 
of a physician, is considered as important as its internal use. 
Some waters, of course, are much better adapted to external 
use than for drinking. The invigorating effect of sea bathing 
has been recognized from the earliest times. For hundreds of 
years the noted bathing localities of England, France and Ger- 
many have been the center of the social life of Europe at cer- 
tain seasons. In our own country, the waters of Saratoga, 
White Sulfur, Rockbridge alum, Bedford, Cresson, Hot Springs 
of Arkansas, California, and hundreds of other places, annually 
attract those who hope for renewed health from the use of those 
waters in agreeable surroundings and under medical advice. 
EXTERNAL USE OF WATER. 


The effect of a bath” depends on the temperature of the 
water. If the latter is high, say about 102° to 110°, the tem- 
perature of the body is increased about 3°; if the temperature 
of the bath is as low as 66°, it reduces the temperature of the 
body about 2° within ten or fifteen minutes. A temperature of 
88° to 95° is considered indifferent, as it does not change the 
temperature of the system, and can be indulged in for a con- 
siderable time without any harm. 

The cold bath reduces the frequency of the pulse, produces 
contraction of the capillary vessels of the skin, which becomes 
cool and pale, and a flow of the blood to the internal organs, 
viz., to the brain, lungs, kidneys, etc. But as reaction takes 
place, after a short while the skin becomes red, and the pulse 
normal, or even more frequent than before. The symptoms 
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produced by the rush of blood to the internal organs, resulting 
from the action of the cool water, are these: Dizziness in the 
head, tremor of the limbs, oppression of the chest, and a small 
pulse. 

Hot baths accelerate the circulation of the blood, produce a 
rush of blood to the surface of the skin, and an expansion of 
the whole quantity of blood contained in the blood-vessels, 
thereby causing congestions and profuse perspiration. Diseases 
occasioned by suppressed perspiration and morbid organizations 
are benefited by these baths. The stimulative effect produced 
by the high temperature of the hot water often proves very 
beneficial in cases of paralysis. The high temperature is prob- 
ably the sole efficacious element of the mud, peat and sand 
baths which are so much patronized on the continent, both by 
physicians and patients, although the heavy weight of these 
substances may also contribute a good deal to their beneficial 
action in some affections, as enlargement of the liver, thicken- 
ing of joints, etc. 

Indifferent baths, which have a temperature of 88° to 95° F., 
do not have any material physiological effect on the circula- 
tion of the blood or on the nervous system; but the experi- 
ence of many years has proved them highly beneficial in 
cases of nervous irritability, neuralgia, sleeplessness, hysterical 
spasms, etc. 

Very young persons, and old ones, not being strong enough 
to bring on a speedy reaction, should not take cold baths; nor 
should decrepit persons, or invalids affected with severe dis- 
orders of the digestive organs or a high degree of nervous 
irritability submit to a cold-water treatment. Diseases of the 
heart, congestions and hemorrhages of the lungs, apoplectic 
dispositions, are also contra-indications to the use of cold water. 

Water charged with carbonic acid produces a very pleasant 
prickling or burning sensation on the surface of the skin, a flow 
of blood to the latter, and redness and fulness of the pulse; 
therefore, it seems that this gas, when used externally, acts as 
a stimulant on the skin. Some salts, as chlorid of sodium, 
chlorid of calcium, contained in many.mineral waters, also pro- 
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duce a stimulating effect on the peripheral nerves. The stimu- 
lative action of the carbonic acid is quicker, but that of the 
salts lasts longer; these, after having penetrated the epidermis, 
seem to remain longer in the skin, and thereby to produce the 
stimulation of the nerves. 

Alkaline waters have no more effect on the system than com- 
mon water baths, their salts not being absorbed by the skin ; 
they mollify the epidermis, thereby enabling us to remove im- 
purities that accumulate on the skin, and they prevent the 
pores from being obstructed by the secretions of the sebaceous 
and sweat glands. 

The general effects of strong mineral-water baths may thus 
be summed up: They increase the circulation of the blood in 
the skin, promote its nutrition, augment the secretions, and 
often produce eruptions on the skin. 

INTERNAL USE OF WATER. 

Karly Opinions.— There was very much of mysticism and ig- 
norance connected with mineral waters in ancient times. A 
river in Phrygia was believed to produce a certain kind of de- 
lirium in those who used it. Some waters whitened the hair 
of animals; others turned the wool of sheep black. Some 
waters, the people thought, caused loss of memory; others 
strengthened and sweetened the human voice. Waters there 
were that intoxicated the drinker, while others destroyed the 
taste for wine. Wine itself was said to flow from a certain 
spring, while a well in Asia Minor yielded water which burned. 
This latter was no doubt due to natural gas or petroleum which 
came from the well. It was thought that water after boiling 
was colder than unboiled water, and rain water was continually 
being poisoned from the vapors that came from the earth. 
Pliny held that water was more wholesome after boiling, which 
we know to be true now, for the lime, if present, would be pre- 
cipitated by boiling and organic germs would be destroyed. 
He taught better than he knew. 

Use of Waters at Home.—Says a prominent author :* ‘‘ Natural 
mineral waters, securely bottled, being nowadays exported to 
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all parts of the globe, many believe them to be fully as efficient 
when taken at the patient’s residence as when drunk at the 
spring. This I believe to be a mistake. A regular strict treat- 
ment, as it is enforced by the physicians of a well-regulated 
watering-place, cannot be carried on at home. Business, 
family, old habits of living, and, more often, divers irregu- 
larities of living, prevent the patient from adhering strictly to 
the rules prescribed for the use of the waters; he would not 
rise early in the morning for the sake of drinking a few glasses 
of water; afraid of neglecting his business, he would not spend 
several hours of the day for necessary exercise; nor would he 
wish to have the diet of the whole family changed on his ac- 
count, because the usual diet does not agree with the mineral 
water, and so on. Moreover, there are waters whose efficacy 
mainly depends on their natural high temperature. It would 
hardly be possible for the patient, however careful, to raise the 
heat of the bottled water every morning to exactly the same 
degree.”’ 

Action of Waters upon the System.—" If you drink a large quan- 
tity of water which is not instantly absorbed, you feel oppressed 
as by a heavy weight. But absorption generally commences as 
soon as the water is taken, and, if the stomach is empty, goes 
on very rapidly. The water is absorbed by the veins of the 
stomach and the intestines, but more by those of the former ; 
the secretion of the saliva, bile and urine is increased. The 
maximum of the absorption is reached about two or three hours 
after the water has been drunk, excretion by the kidneys being 
most abundant at that time. Water containing salts is not so 
rapidly absorbed as common water; the less salt it contains 
the more easily it is absorbed. The quantity of water which 
the stomach is able to receive and absorb is immense; persons 
are reported to have swallowed 200 and even 300 ounces of 
mineral water every morning for several weeks. The quantity 
of water in the blood varies according to the amount of water 
drunk and absorbed. A large quantity produces an expansion 
of the blood-vessels and an increase in the secretions of the skin, 
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of the intestinal canal, and especially of the kidneys, which 
carry off the largest portion of the water. Much water-drink- 
ing diminishes the specific gravity of the urine, makes it thin- 
ner, and increases the quantity of the urine. The perspiration 
is also thereby increased, but this increase varies much, accord- 
ing to the temperature of the water and the air, and the active 
exercise of the person. Water, if properly administered, aug- 
ments all the secretions of the system, and facilitates the 
change of tissue and the renovation of the body. Water of a 
high temperature is more easily absorbed, and is more efficacious 
than water of the usual cool temperature. Too much water- 
drinking impedes the digestion, disturbes the secretions, and 
often produces dropsy. 

Water taken in large quantity expands the stomach, the 
intestines, the blood-vessels, the biliary passages, and the blad- 
der; it liquifies the contents of the intestinal canal, and there- 
by promotes the evacuation ; it facilitates the circulation of the 
blood in the smaller vessels of the liver, lungs, and spleen, 
thereby preventing or relieving congestions of these organs. 
The expansion of the biliary passages and the bladder by wa- 
ter greatly facilitates the passage of gall-stones and gravel. 

Cold water is a stimulant, and as such highly beneficial in 
the treatment of atony of the stomach and the intestines, and 
of defective digestion caused thereby. It also diminishes the 
irritability of these organs. 

Warm water is used with great benefit in many painful affec- 
tions of the stomach and the intestinal canal. It fluidizes its 
contents more thoroughly than cold water, augments the secre- 
tions, and promotes the absorption of morbid deposits. 

If mineral waters are drunk, the larger portion of them is 
also absorbed by the stomach. Especially are the gases which 
they contain rapidly carried into the blood, while the absorp- 
tion of the mineral constituents is somewhat retarded. High 
temperature of the water and active exercise favor the absorp- 
tion. Another portion of the mineral water passes through the 
alimentary canal, where it is partly absorbed, the rest being 
eliminated by the action of the bowels. 


CHAPTER III. 


THERAPEUTICS OF MINERAL WATERS. 


ACTION ON THE SYSTEM. 

The questions frequently asked are: ‘‘ How do mineral waters 
act on the system?’ ‘‘What particular value have they over 
pharmaceutical preparations containing the same ingredients ?”’ 
A study of the theory of solution as recently developed (see 
chapter V) has led us to believe that in dilute solutions we 
have the chemical substances existing in the ‘‘ionic’’ condition. 
It is easy to understand that in this condition the medicinal 
substances are more readily assimilated by the system, or, in 
other words, that extremely dilute solutions will have a differ- 
ent therapeutic effect from more concentrated solutions.” 

Mineral waters may be used, as previously noted, either ex- 
ternally or internally. Every extended treatise on the thera- 
peutic action of such waters pays special attention to the use 
of the warm or cold bath as a curative agent. 

In Kansas there are a large number of waters especially 
adapted to bathing, but, as the state is geologically remote from 
those sections where great folding and uplifting of strata have 
occurred, warm or thermal springs are not known. 


SOME POPULAR FALLACIES. 


It is generally admitted that mineral waters are particularly 
adapted to the cure of chronic or long-standing diseases. Doc- 
tor Anderson says :* ‘‘Mineral springs are not ‘cure-alls.’ As 
a rule too much is claimed for them. The many marvelous 
cures cited and the many improbable and ridiculous statements 
seen on printed circulars do more harm than good. Sensible 
people are not going to believe that a ‘magnetic’ mineral water 
is going to save a bad case of consumption, or that any ‘mineral 
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water’ cures heart disease, etc. On the other hand, it would be 
quite as flagrant an error to suppose that all reputed beneficial 
effects of mineral waters were only the result of extravagant or 
interested imaginings. . . . To obtain the greatest possi- 
ble benefit from springs, it is absolutely essential that the 
patient first consult his regular physician. . . . The in- 
discriminate use of mineral waters, either for drinking or bath- 
ing purposes, cannot be too strongly condemned ; for while they 
look bland and harmless, they are potent therapeutic agents 
which may accomplish much good if judiciously employed, but 
may also do much harm and may be followed by serious if not 
fatal results in careless hands.”’ 
SCIENTIFIC USE OF WATERS. 

‘‘All we need at American health resorts and mineral water- 
ing-places is to follow the natural scientific regime which has 
been worked out for centuries in Europe. There every patient 
confides in his physicians, and medical men value the mineral 
springs more, apparently, than we doin America. The patient 
is ordered to this or that spring for two or three months. He 
places himself entirely under the care of his family physician 
and the resident physician at the springs. Patients who are 
able to walk get up at six a. mM. and walk to the springs, drink 
the prescribed amount of water, and walk from one to two 
miles before breakfast. They take their meals regularly ; their 
diet is carefully regulated for each disease. They retire early, 
exercise freely, use the baths or drink the waters regularly, 
and improve twice as fast in Germany, France, and England, 
for the same class of diseases and with the same—almost the 
identical— mineral-water treatment as we have in America, 
simply because they follow a regular scientific system.”’ 

In regard to the therapeutic action of the substances usually 
found in mineral waters, the author cannot do better than to 
quote from Doctor Crook :” ‘‘It may be said without fear of 
dispute that the most frequent, as well as the most important, 
component of a mineral spring is the water itself. Aside from 
its absolute necessity to the preservation of all forms of life, 
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this agent possesses certain very important therapeutic proper- 
ties, some of which may be considered at this time. When 
ordinary pure water is swallowed it is almost immediately 
taken up by the radicles of the gastric veins, passing directly 
to the liver, and from thence into the systemic circulation. Its 
manifold functions in the body are fully treated in works on 
physiology. For our purpose, it is sufficient to notice its in- 
fluence on the emunctories. Water is actively diuretic, not 
only increasing the liquid flow of the urine, but, if taken in 
large quantities, greatly augmenting the amount of solids— 
urea, uric acid, etc.—escaping from the system in a given 
length of time. It thus aidsin the process of tissue metamor- 
phosis, and may be said, so to speak, to ‘flush the system.’ 
It also dilutes the urine, renders it lighter in color and specific 
gravity, and sometimes relieves it of irritating qualities.’’ 

Water in large quantities thus becomes useful in certain kid- 
ney diseases, characterized by stagnation of the renal circulation 
and suppression of the urine. It is also valuable in acid states 
of the urine, characterized by scalding on urination, and a fre- 
quent desire to empty the bladder, symptoms which are observed 
in numerous affections of the genito-urinary passages. In warm 
weather, water.is also diaphoretic, and, aside from its grateful, 
cooling and refreshing effects, it thus has some influence as an 
antipyretic in febrile states of the system. According to Mail- 
lart, of Geneva,” typhoid fever may be treated internally by 
copious draughts as a definite method. Five to six quarts may 
be administered daily, during the whole of the febrile period, 
and there are no contra-indications. The good results which 
have been observed are no doubt due to oxidation of the toxins 
and refuse material, which are thus rendered soluble and elimi- 
nated. When taken cold in considerable quantities, water also 
stimulates the peristaltic action of the small intestines, and thus 
has a certain cathartic influence. 


ADVANTAGES OF USING NATURAL WATERS. 
Considerable has been written in regard to the action of natu- 
ral mineral waters being entirely different from what could be 
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obtained from artificial preparations of the same ingredients. 
It is true that some ingredients may be present in small quan- 
tities, so small, in fact, that they are neglected by the ordinary 
analyst, and yet they may be present in large enough quantity 
as ions to have a therapeutic effect. Ordinarily, however, the 
taking of a mineral water is beneficial, more because of the con- 
ditions under which it is taken than because it is made in na- 
ture’s laboratory rather than that of the chemist. The hygiene 
and climate of the surroundings of the mineral-water resort or 
sanitarium have a very important effect on the health of the 
patient. There are regular meals, and of food that is prescribed 
by a physician; there is sufficient exercise, especially in the 
open air; there is the freedom from care and business; there is 
pleasing scenery and society. All these, with the drinking of 
an abundant supply of water—a thing too often neglected at 
home—tend to improve the health of the patient, entirely aside 
from the beneficial effects of the water taken under the advice 
of a physician. If baths are also prescribed, they are of the 
right kind, temperature and duration to assist nature in its ef- 
forts to throw off a diseased condition. It is extremely difficult 
to have these conditions at home. 
IONS ARE PRESENT IN SOLUTION. 

According to the modern ionic theory, a large percentage 
of the ingredients of mineral waters are present as ions, be- 
cause they are metallic salts in dilute solutions. When the 
waters are very concentrated, as in the case of the Crabana, 
Hunyadi, Carlsbad, and also the Abilena, of Kansas, it is fair 
to assume that some of the ingredients are undissociated (see 
chapter V). In general, then, it is necessary to consider the 
therapeutic action of ions of a certain kind, as Na, Ca, or SO,, 
or of solutions in which we have a large variety of ions. In 
the latter case the therapeutic action of a given ion may be 
modified by the presence in the solution of others. In most 
cases we are compelled to consider the action of salts when at 
least two kinds of ions are present. The science of medicine 
has hardly progressed far enough, since the modern theory of 


4—yii 


50 University Geological Survey of Kansas. 


solution was proposed, to enable us to tell positively the action 
of ions of a single kind, in the absence of all others, except in 


a few cases. 


LIST OF ELEMENTS. 


The substances (ions) usually found in mineral waters are: 


Positive, Negative, 
or base-forming. or aout tore 
“Aluminum. “ Arsenate. 
Ammonium. Borate. 
Barium. Bromid. 
Calcium. Carbonate. 
Tron. Chlorid. 
Lithium. Fluor. 
Magnesium. Hydrocarbonate. 
Manganese. Todid. 
Potassium. Nitrate. 
Sodium. Phosphate. 
Strontium. Silicate. 
Sulfate. 
Sulfid. 


Besides these there are some very rare ingredients found in 
such small quantities that their therapeutic action has not been 
studied. 

ACID AND ALKALINE WATERS. 

Waters are divided into thrée classes, as far as their reaction 
is concerned, namely, neutral, acid, and alkaline. 

It is admitted that dilute acids and alkalies have an ion ac- 
tion, due to the presence of the characteristic acid hydrogen or 
of hydroxyl. They also produce osmotic changes and exert 
ordinary salt action. ‘They also modify the process of digestion 
and absorption. Acids and alkalies are not absorbed as such 
in the body ; if in the intestines they are neutralized by the car- 
bonates, or in the stomach by the hydrochloric acid of the gastric 
juice. The system is so constructed that it can take care, fora 
time, at least, of an excess of acid or alkali. This is done by a 
change in the composition of the urine; so acids and alkalies are 
excellent diuretics, increasing the ammonia of the urine at the 
expense of the urea. 

As acid salts haye some of the properties of acids, it follows 
that mineral waters containing these salts would have some acid 
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characteristics. Acids in the stomach assist the action of the 
pepsin in digestion ; they also increase the flow of the gastric 
juice. Acids are very useful in that variety of dyspepsia in 
which not enough acid is secreted. 

‘All acids convert proteids into acid-albumins, which are in- 
soluble in moderately strong, but soluble in concentrated or 
very weak acids. Upon this precipitation of proteids depends 
their astringent action. 

‘‘Alkalies will reduce the acidity of the chyme, and thus in- 
crease the alkilinity of the intestinal fluids, even if they are 
themselves neutralized and absorbed before reaching the duo- 
denum. In this way they may favor the emulsification of fats, 
and the action of the pancreatic ferments, if there is not sufficient 
alkali in the intestine.’’ In a normal condition of the sys- 
tem, this action would be of no value, but where there is an ex- 
cess of mucus, or too great acidity, the alkalies are very useful. 
On account of the action of the undissociated salt, the secretion 
of the urine is increased. 

The free acids that are found in waters are sulfuric and oc- 
casionally hydrochloric. The sulfuric acid is derived from the 
oxidation of pyrite (FeS,). The Rio Vinagre, in South Amer- 
ica, is supplied by such acid springs, and it is estimated that it 
carries daily to the ocean an amount of acid equal to 82,720 
pounds of oil of vitriol and 69,638 pounds of concentrated mu- 
riatic acid. ‘There are some noted springs of this character, as, 
for instance, the Oak Orchard acid water, in New York, the 
Texas salt springs, and the Thermal acid springs of California. 
The Abilene, Kan., artesian well contains a notable quantity of 
free hydrochloric acid. 

Waters of this class usually contain an abundance of such 
elements as iron and aluminum, so that their therapeutic prop- 
erties may be considered as being due to these elements. ‘‘Be- 
ing very astringent, the stronger acid waters are useful in relaxed 
states of the mucous membranes, especially when characterized 
by diarrhea and dysentery. They have also been used with 
great effect in hemoptysis, colliquative sweats, and in depraved 
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and impoverished conditions of the body, due to intemperance 
or specific diseases.”’ 

For chronic lead poisoning acid sulfate waters may be used, 
as they form with the lead an insoluble lead sulfate which 
passes from the system. Waters containing carbonates dis- 
solyed in an excess of carbon dioxid (carbonic-acid gas) are not 
included in this class, as, on account of the extreme weakness of 
carbonic acid and the fact that it so readily escapes, these waters 
soon react alkaline. 

This carbonic-acid gas, however, is one of the most important 
chemical as well as therapeutic constituents of water. It not 
only renders many mineral substances soluble, but it gives the 
water an agreeable, pungent taste, and assists digestion, aids 
the flow of saliva, and allays gastric irritability. 

The alkaline waters are extremely numerous, and their re- 
action is usually due, as noted above, to the escape of the carbon 
dioxid. The metal associated with the acid may be potas- 
sium, sodium, lithium, calcium, magnesium, or iron. As a 
class, according to Doctor Cross, ‘‘they form a very efficacious 
and speedy remedy in the treatment of acid dyspepsia and flatu- 
lence.’’? They also act as stomachics, if given before meals, 
by stimulating the peptic glands. 

Having a diuretic tendency, the alkaline carbonated waters 
tend to correct the acidity of the urine, and are of great service 
in fevers, rheumatism, gout, vesical irritation, diabetes, etc. 
In Europe they have long held high favor in the treatment of 
meritis, leucorrhea, as well as other female pelvic disorders. 
When combined with salines, as they often are, forming the 
great alkaline-saline groups of waters, and because they dis- 
solve the mucus, they are of much value in catarrhal conditions 
of the gastro-intestinal tract with the engorgement of the por- 
tal system. They have further been found useful in obesity. 

The lithontriptic value of these waters is well established. 
In many cases where there is a tendency for mineral material 
to collect around an organic nucleus these waters are useful, 
as they are alkaline, and dilute the urine and prevent the forma- 
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tion of calculi. In gout, as the excessive acid condition of the 
blood is modified, the uric acid is more readily eliminated. 

Excessive acidity in the alimentary canal, which leads to 
gastro-intestinal catarrh, is benefited by the use of alkalies. 
If this acidity is in the stomach it may be neutralized by the 
use of waters containing sodium bicarbonate; if in the intes- 
tine, and cathartic action is not desired, calcium bicarbonate or 
calcium phosphate can be employed. 


THERAPEUTIC ACTION OF INDIVIDUAL ELEMENTS. 
A.—Base-forming Elements. 

Aluminum is not often present in large quantity in waters 
that are used for drinking, but, as previously noticed, it is a 
common constituent of acid waters, like some of the alum springs 
of Virginia. Comparatively little can be said of the action of 
the aluminum ion, but the alums are used locally as astrin- 
gents, and internally in gastric catarrh, enteralgia, gastralgia, 
lead colic, ete. 

Ammonium is not present in large enough quantities to pro- 
duce any decided effect, as far as known. In fact, since it is 
produced by the decomposition of organic matter, sanitary 
chemists are disposed to look upon it with suspicion, as in- 
dicative of contamination of the water. This is not necessarily 
the case, however, because some waters have been found con- 
taining ammonium saltsasanaturalconstituent. From astudy 
of the ammonium ion, it is evident that it has a marked action 
on the secretions, especially saliva, mucus, and sweat. It is 
used as a local expectorant, and as a stimulant of the respiratory 
centers, for cough and asthma. 

Barium, in its ion actions, resembles the organic groups. Its 
most important systemic action is a slowing of the heart and 
a rise in blood pressure. It is said that when barium is given 
in very dilute solutions the amount absorbed is very small, 
and is deposited in the bones. It may be of use also in the 
treatment of cancerous, scrofulous and other morbid growths. 

Calcium compounds are very abundant in mineral waters. 
The carbonates are very alkaline in action, and in large doses 
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may cause constipation. They are used in chronic diarrhea. 
They are also used with advantage in cases of uric-acid gravel 
and calculi. Calcium chlorid is said to have a diobstenent ef- 
fect, and to promote the secretion of urine, perspiration, and 
mucus. The use of water containing it is recommended in 
‘‘scrofulous diseases, and in chronic eczema and impetigo, con- 
nected with a lymphatic temperament.”’ 

Calcium sulfate is one of the chief constituents in water that 
make it permanently ‘‘hard.’’ It isnot considered of any special 
advantage in waters, though perhaps such waters might be 
used where there is not sufficient lime in the bones. 

*««The importance of the calcium ion arises from the fact that 
it is a universal constituent of protoplasm, only a few of the 
lower fungi being able to dispense with it. It appears to be 
mainly fixed in the nuclei, while in the extra-nuclear portion 
its place seems to be taken by magnesium. It appears to be 
essential not only to the living protoplasm, but also to inor- 
ganized ferments. Calcium, as well as potassium, seems to be 
essential to living protoplasm. . . . The gradual with- 
drawal of calcium from the body, by withholding it from the 
food, leads, in animals, to effects which closely simulate those of 
rickets and osteomalaria. There is, however, some difference. 
In calcium starvation but little bone is formed, yet this con- 
tains the normal amount of calcium. In rickets the amount of 
bone is even excessive, but it is very poor in calcium. In man 
these conditions are characterized by a diminished amount of 
calcium in the bones. The thought lay near at hand to em- 
ploy calcium, particularly calcium sulphate, in the treatment 
of these diseases, but the results have been somewhat disap- 
pointing, as might be deduced from theoretical considerations. 
The condition is somewhat similar to that existing in chlorosis, 
for, except in the experimental disease, the cause of the disorder 
is never to be found in the inefficient supply of calcium salts, 
since the amount of these in the organism is always more than 
enough to supply the organism. The real cause must be 
sought in the abnormal absorption or utilization of these ions. 
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Calcium salts have also been given in hemophilia to 
increase the coagulability of the blood. Although the last 
word has not been spoken on this interesting subject, it would 
seem that hemophilia is not usually dependent on the deficiency 
of lime salts. Nevertheless most clinicians report very favor- 
able results. Further than this, there would not seem to be 
any rational therapeutic indications for the calcium ion, the 
calcium salts only being useful on account of the acids with 
which they are combined or by virtue of their alkaline action.’’ 

Iron is regarded as one of the most useful substances to be 
found in a mineral water. As it is found in the hemoglobin of 
the blood, and as it occurs in the lymph, chyle, gastric juice 
and other liquids of the body, it must be extremely important 
in the animal economy. Chalybeate waters” ‘‘ produce a con- 
structive metamorphosis, creating more red blood corpuscles, 
thereby increasing the specific gravity of the blood and of the 
bodily weight, reproducing a healthy glow and the rosy cheek 
on the faded and bleached-out face.’’ By the use of the hemo- 
globometer, it has been shown that ‘‘ the deficiency of the color- 
ing matter of the blood, observed in anemic states, may be 
readily made up by the administration of a carefully selected 
chalybeate water. It matters not though iron be present in 
small quantities, and few of the carbonated iron waters contain 
more than five or six grains per gallon. The blood contains 
normally about forty-five grains of iron, and this quantity can- 
not be permanently increased by consuming large quantities. 
It is probable that the deficiency, no matter how produced, 
never exceeds fifteen or twenty grains.’’ 

The tendency, then, is to increase the appetite, promote diges- 
tion, and relieve a languid or depressed condition of the system. 
Though the iron occurs sometimes as sulfate and chlorid, yet 
the most common combination is the bicarbonate, and this is 
supposed to be the form in which it most readily enters the cir- 
culation. For special notes on the occurrence of iron in mineral 
waters, see Part II. ‘‘The indications for the use of the iron 
waters are numerous. In slow convalescence from acute dis- 
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eases, the anemic states resulting from a severe operation or 
difficult confinement, in all forms of hemorrhage not due to ful- 
ness of the vessels or fragility of their coats, in amenorrhea 
when due to chlorosis, in the debilitating catarrhs of the uterus 
and vaginal mucous membrane, and in the various cachexias, 
the chalybeate waters may be confidently expected to render 
valuable aid.’’ Those who are of a plethoric habit, or who are 
troubled with vertigo, should avoid the use of iron waters. 

A number of theories have been advanced to explain the 
action of iron on the system. Among others may be mentioned 
the theory that it is of value because of the direct absorption 
and gradual utilization of the iron, whether the substance 
given is a body that dissociates with iron as an ion, or whether 
the iron is only a constituent of an organic body or of the food. 
Another theory is that iron given in an ‘‘organic’’ form can be 
absorbed, but inorganic iron simply stimulates digestion and 
absorption, and does not itself enter into the blood. It seems 
to be pretty well established that organic iron may become a 
part of the hemoglobin, and inorganic iron, while incapable of 
this change, assists the organism to utilize the organic iron, so 
both kinds of iron are of value. The term ‘‘chalybeate’’ has 
been applied to iron waters from the name of a very ancient 
people, the Chalybes, who worked in iron. 

Inthium is a rare ingredient in mineral waters, but those that 
contain it have acquired considerable reputation in the treat- 
ment of disease. It is usually considered as present in the 
form of carbonate or bicarbonate, mixed with carbonates of the 
other alkalies. It is probable that many of the so-called lithia 
waters contain too small a quantity of this ingredient to be of 
any therapeutic value. As first pointed out by Andrew Ure, 
lithium forms a soluble salt with uric acid, and this has led to 
the extensive use of lithia waters in cases of uricemia. For 
uric acid, sand, gravel, and calculi, and in gout and rheuma- 
toid anthritis, as well as in phosphatic deposits in the appendix, 
and in concretions, lithium waters have been used with success. 
As an ion, lithium has an action midway between that of potas- 
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sium and sodium. It has a tendency to increase the excretion 
of nitrogen. 


Magnesium has a characteristic action on the system. Ascar- 
bonate, it is useful in ‘‘ acid eructations and pyrosis, and in sick 
headaches, when accompanied by constipation. It is also of 
value in checking the formation of uric acid gravel and calculi.”’ 
This latter action is no doubt due to its alkaline character. 
As chlorid, magnesium is often found in saline waters and 
brines. It is useful to increase the flow of bile, and as a mild 
purgative. It is as a sulfate, however, that we are most fa- 
miliar with the action of magnesium. Like sodium sulfate, it 
promotes the process of endosmosis and exosmosis, and, by ab- 
-stracting the watery elements of the blood, increases the intes- 
tinal secretions. ‘‘Even if the quantity is small, it will tend 
to promote regularity of the bowels when taken continuously. 
The best results are observed in disordered conditions of the 
stomach, liver, and bowels, with concomitant symptoms of 
constipation. In sluggish states of the liver, characterized by 
a sallow countenance, yellowness of the conjunctiva, coating 
of the tongue, and hemorrhoids, the sulfated saline waters are 
speedily efficacious.’’ 

In eliminating the various chronic infections from the sys- 
tem—scrofulous, syphilitic, and malarial—as well as in ex- 
pelling lead, mercury, and other metallic poisons, they furnish 
us important and useful applications. For purgative effects, 
physicians recommend that the waters be taken on an empty 
stomach, before breakfast, and that a brisk walk in the open 
air follow the drinking of the water. These waters should not 
be taken when there is a chronic inflammatory condition of the 
stomach or intestines, or in case of general debility. 

It seems probable that the magnesium in water acts as an 
undissociated salt, as, although soluble, the magnesium ion is 
incapable of absorption into the blood. ‘‘ Magnesium” is prac- 
tically the only non-absorbable cation which can be used as a 
cathartic. Why certain ions should be capable of absorption, 
and others not, cannot be satisfactorily explained.’’ Magne- 
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sium salts are converted into acid carbonates in the small 
intestines according to the equation: 
MgSO,+Na,CO,+ H,O+CO,=MgH,(CO,) .+Na SQ. 

It is quite immaterial what particular salt be given, as the 
hydrate, chlorid or sulfate are all converted into the carbon- 
ate. However, in the case of the sulfate, the sodium sulfate 
which is formed is, of course, also a cathartic; so the effect is 
doubly large. The hydrate and carbonate, on the other hand, 
possess also the action of alkalies. 

Manganese is not a very common ingredient in mineral waters, 
or at least it is present in so small a quantity that it is not often 
reported. There are some waters, however, in which it is pres- 
ent in notable quantities, and one or two that are strongly 
impregnated have been recently found in Kansas. In most 
analyses the manganese is considered to be present as bicar- 
bonate or sulfate. As manganese is normally present in the 
blood, it might be supposed to be of considerable value thera- 
peutically, and, indeed, much is claimed for it by some. It 
promotes the flow of bile, and is no doubt useful on account of 
its tonic and reconstructive properties. It is so often associated 
with iron in mineral waters that we have not often an oppor- 
tunity to study its action alone. Recent authorities claim that 
manganese is not absorbed at all into the system, unless given 
in corrosive doses. 

The Potassium ions seem to have no special therapeutic action, 
as they are so rapidly excreted. Potassium compounds are 
quite similar to those of sodium. As carbonate, it corrects 
acidity and acts as a diuretic in connection with other alkalies. 

Sodium salts are very abundant in waters, on account of 
their great solubility. As sodium and chlorin ions possesss 
very slight toxicity, their combinations are chosen when the 
action of other ions is to be studied. In some waters the car- 
bonate and bicarbonate is very abundant. As sodium carbonate 
is found in the blood, saliva, urine, and other fluids of the body, 
it would be thought to be of importance in substances taken 
into the body. Sodium-carbonate waters have the general prop- 
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erties of alkaline waters, and are the best for use when alkaline 
waters are indicated. There are no waters in Kansas that at 
all correspond to the Saratoga waters, for instance, in abun- 
dance of carbonated alkalies. Their effect on the system can 
hardly be ascribed to the presence of the sodium ion, or to the 
potassium ion, which is often present. They have a marked 
action on the mucous membranes and increase the secretions. 
As previously noticed, catarrhal conditions of the stomach or 
intestines, especially when accompanied by chronic diarrhea, 
or when there is too great acidity in the alimentary canal, may 
be treated with success by waters containing sodium carbonate. 
The activity of the skin and kidneys will be increased. It is 
by some asserted that diabetes may be successfully treated with 
these waters, and sugar may be caused to disappear entirely 
from the urine. 

Sodium as a chlorid is even more abundant than sodium 
carbonate. As brines are common either in the surface springs 
or in the deep bored wells, there is no ingredient of more im- 
portance. Most authorities assert that salt is actually necessary 
for a healthy growth of the body, as it is a constituent of almost 
every structure. It has much to do, no doubt, with the regu- 
lations of exudation and absorption, and assists in maintaining 
the fluidity of the albuminoids in the blood. As so many of the 
effects of these waters are no doubt due to the chlorin ion, 
rather than the sodium, the further consideration will be de- 
ferred until chlorin is discussed. 

Strontium, though found in small quantities in a few waters, 
has, so far as known, little therapeutic value. In general, it 
resembles barium, although somewhat weaker in its action. It 
is suggested that, ‘‘being an intestinal antiseptic, however, it 
is possible that considerable quantities of the strontiated waters 
might be found useful in flatulence, intestinal torpor, summer 
diarrhea, etc.’’ It is usually considered as present in the form 
of bicarbonate, accompanying similar salts of calcium and mag- 
nesium. ‘‘In dilute solutions only very small amounts are ab- 
sorbed from the stomach; none from the intestines, since it is 
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converted into phosphates, in which form it is generally depos- 
ited in the bones.’’ 
B.—Acid-forming Elements. 

The acid-forming elements or ions have necessarily, to some 
extent, been discussed above, as there have not been enough 
experiments to ‘‘pick out,’’ so to speak, the therapeutic action 
of the acid from the base. 

Arsenate waters are not common, though a small quantity of 
arsenic in water might make it a valuable remedial agent on 
account of its action as an alterative. According to Doctor An- 
derson,” ‘‘Arsenical waters have proved highly beneficial in irri- 
tative dyspepsia, chronic gastric catarrh, gastralgia and entral- 
gia. Jaundice with catarrh of the bile ducts and chronic cir- 
rhosis of the liver are improved by these waters. The waters 
are highly extolled in chlorosis and anemia, chronic malarial 
toxeemia, hemicrania, and malarial neuralgia, and in cutaneous 
diseases, scrofulous sores, and syphilitic contaminations. The 
skin diseases most benefited are the chronic scaly variety —es- 
pecially psoriasis, eczema, pemphigus, and old cases of acne. 
For these diseases the waters containing both iron and arsenic 
are especially serviceable, taken one hour after meals. Menor- 
rhagia and functional impotence are also improved by a course 
of these arsenated and chalybeate springs, with wholesome food 
and free outdoor exercise.’’ Arsenical waters would be most 
- naturally found in mineral localities where such metals as anti- 
mony, copper, bismuth, cobalt and nickel occur. 

Borates occur abundantly in the waters from some locali- 
ties, and they are found in small quantities in brines and 
associated with alkaline waters. Borax or sodium borate is the 
combination usually reported. In California large quantities 
are obtained commercially. The water may be used in ‘‘renal 
and vesical catarrh depending upon the uric acid diathesis.’’ 
It has also been found useful in clergymen’s sore throat, allevi- 
ating the inflammation, and strengthening the vocal cords. As 
a gargle the water is very useful. Boric acid and borax are 
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used in the preservation of food, and they are probably less in- 
jurious than other substances. 

Bromids occur especially in brine, associated with chlorids 
and sometimes iodids. It is evident that the therapeutic value 
is directly connected with the bromin of the associated salt, 
for quite similar effects are obtained whether the positive ele- 
ment be sodium, potassium, or some other metal. The bromids 
are more soluble than the chlorids, and this fact is taken ad- 
vantage of by crystallizing out the salt (NaCl) first, and using 
the mother-liquor for the commercial manufacture of bromin. 
Bromin is very often associated with magnesium in mineral 
waters. 

These waters are essentially alterative, and are used in the 
treatment of rheumatism, gout, goiter, etc. As they hasten 
retrograde tissue metamorphosis, they are of use in diminishing 
the weight of the body. In cases of poisoning with mercury or 
lead, bromides have been used with success. As sedatives, to 
relieve wakefulness and over brain work, and in cases of epi- 
lepsy, these waters are recommended, and since they promote 
absorption and elimination of used-up material, bromin waters 
can be utilized in the treatment of scrofulous tumors, ulcera- 
tions, and chronic cutaneous diseases. 

Carbonate waters have been discussed under alkaline waiters, 
as, so soon as the gas escapes, the waters show an alkaline re- 
action. The gas carbon dioxid itself, however, when dissolved 
in water, is agreeable to the taste, and very often grateful to 
the stomach. The very extensive use of artificial carbonated 
beverages, ‘‘soda-water,’’ sweetened and flavored, it is true, 
shows the favor in which a solution of this gas is held. Except 
in a general way, little is known in regard to the action of car- 
bon-dioxid gas, for in most waters it is assumed to be present to 
form alkaline carbonates. The activity of carbon dioxid is not 
destroyed by neutralization, as is the case with other acids. 
‘¢When absorbed it is fixed in the form of sodium bicarbonate, 
which is dissociated so readily that it acts both as an acid and 
an alkali. It has a somewhat specific effect in diminishing 
vomiting. On account of the stimulation of the sensory nerves 
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of the mucous membranes with which it comes in contact, it is 
a general reflex stimulant.’’ 

*<««Tn moderate quantities, it stimulates the flow of saliva, 
aids digestion, slightly accelerates the pulse, renders the mind 
clear, and the person cheerful. The imbibition, however, of 
large quantities, causes sickness, vomiting, headache, vertigo, 
a tottering gait, and even asphyxia.’’ Bathing in water charged 
with carbon dioxid causes a prickling sensation, which lasts for 
some time, and persons in health, on leaving the bath, experi- 
ence a pleasing exhilaration, and the inclination to muscular 
activity is greatly increased. 

Chlorids are as abundant as sodium in waters, and it is prob- 
able the therapeutic effects of common salt are due to the 
chlorine ion rather than to the sodium. Sodium chlorid, when 
taken into the system, increases the flow of the gastric juice, 
bile and pancreatic juice, stimulates the appetite, and assists 
digestion. Waters containing it possess a slight aperient ef- 
fect, and it tends to prevent putrefactive changes. The quantity 
of urea excreted and the secretions from the bronchial tube are 
increased. So, for gastric, hepatic and intestinal disorders the 
salt waters are useful. This is especially true where there is 
an insufficiency of digestive fluids, with dry stools, a furred 
tongue, and disagreeable taste in the mouth, with loss of appe- 
tite. On account of their strong diuretic action, these waters 
may be used in cases of rheumatism, gout, and scrofula. When 
other positive ions, as well as sodium, are present, the action 
of the chlorin ion is modified. This may be seen in the case of 
magnesium chlorid, which has more marked cathartic proper 
ties than has sodium chlorid. 

There is frequently more F/vorim in mineral waters than has 
been reported. This is because chemists regard it of so little 
importance that they neglect to test for it. Chas. Lepierre has 
recently shown that in the waters of the north of Portugal as 
much as twelve millegrams per liter of fluorin is sometimes 
found. Its therapeutic action is not well understood. 

The Hydrocarbonate or acid carbonate in some cases indicates 
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the condition of the ions when under pressure, for when this 
pressure is relieved some of the carbon-dioxid gas escapes and 
only carbonates are present. It is due, as has been previously 
stated, to the excess of carbon dioxid that such salts as calcium 
and magnesium carbonates are dissolved. The ‘‘acid car- 
bonates’’ thus formed play an important part in digestion and 
absorption. . 

Jodids, although occurring usually with chlorids and bro- 
mids, are considered more active therapeutic agents. Their 
action is quite similar to that of the latter. They find their 
most useful application in treatment of chronic bronchitis, 
eatarrhs, rheumatism, and in other chronic disorders. These 
waters have long been celebrated for their alterative character. 
In fact, some such springs were recommended for the cure of 
scrofula, obesity, etc., before it was known that they contained 
iodin. When there is stomachic irritation and acute inflamma- 
tion these waters are contra-indicated, as they will do harm 
rather than good. Although the quantity usually found is 
small, seldom as much as one and one-half grains of the potas- 
sium or sodium salt in a gallon of water, yet the amount is 
sufficient to produce a decidedly beneficial effect on the patient 
for whom such waters are indicated. This would seem to con- 
firm the theory that in many cases the ions of a substance are 
extremely active, and in just the condition to act therapeutically 
upon the system. 

Some authors believe that there is little evidence of ion ac- 
tion in the case of iodin, such as exists in bromid, but that the 
effects are due to the undissociated salts, especially in the case 
of potassium iodid. Doctor Sollman believes that since this 
salt is extremely diffusible and penetrates so rapidly into the 
cells, and as it contains two of what he calls ‘‘foreign mole- 
cules,’’ the liberated iodin ion may very likely combine with 
the proteids, substituting itself for the chlorid. It is also to be 
noted that the iodid readily decomposes with the separation of 
free iodin and hydriodic acid, both of which are irritants and 
tend to form another class of bodies with the proteids. 

The iodin tends to remain a long time in the body, probably 
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on account of its combination with the proteids. It is believed 
that the iodin, combined into an organic compound, is excreted 
in the urine. 

The iodids are used with success in the third stage of syphi- 
lis, but it is not known at present whether this is due to ion ~ 
action or to the general action of the undissociated salt. There 
is similar doubt in regard to the way in which the iodids act in 
chronic rheumatism and asthma. 

The Nitrates act both in the ionic condition and as undisso- 
ciated salts. As the action in the ionic form is largely upon 
the mucous membranes, this may result in gastritis, in diuresis 
and perhaps nephritis at the place of exit. We are most famil- 
iar with the salt potassium nitrate, but it must be borne in 
mind that the action of this salt upon the system is not due to 
that of the nitrate ion alone; in fact, the potassium ion in- 
creases the action of the nitrate. This salt would act more 
strongly than the sodium nitrate. While nitrates are to some 
extent reduced in the body to nitrites, this action takes place 
so slowly that the action of the latter is not perceptible. 

Nitrates are so seldom present in water in any quantity, that 
the action of these waters on the system has not been studied. 
We know that nitrates are poisonous if taken in large quantities, 
and even in small amounts they no doubt have some effect on 
the system. 

- Phosphates also are not often found in notable quantity. 
With the exception of the alkaline phosphates, the salts are 
usually insoluble. Sodium phosphate has a somewhat ca- 
thartic action. The calcium phosphate might be useful to in- 
crease the quantity of lime salts in the body. 

Silicates are usually mentioned in reports on mineral-water 
analysis, but very often the analyst makes no distinction be- 
tween the insoluble suspended matter and the true silica which 
-may be in solution. It is a well-known fact that alkaline waters, 
especially if warm, have a tendency to dissolve silica from the 
rocks and soil, thus producing sodium or potassium silicate. 
When the water is evaporated with an acid this silica is rendered 
insoluble and separates out. Waters that are strongly siliceous 
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‘‘petrify’’? wood or other substances which are placed in them. 
One author states that siliceous waters, taken internally, are 
useful in cases of cancer and leprous ulcerations, and it is also 
stated that by the use of these waters albumin and sugar have 
been made to disappear from the urine. 

The Sulfates are of great importance, as has been previously 
stated in the discussion of sodium and of magnesium sulfate. 
It is evident that the sulfate ion has a therapeutic value, for we 
see it in such salts as sodium sulfate and magnesium sulfate ; 
salts which have a distinct cathartic action. It is difficult to 
study the action of the sulfate apart from the metallic ion. It 
must be admitted, however, that the sulfate, etc., acts as a pur- 
gative. Sulfates are useful, as mentioned under magnesium, 
more from their action as undissociated salts than from any 
action as ions. Although the sodium sulfate has a bitter taste, 
it is of great importance as a constituent of mineral waters like 
the Abilena. Sodium sulfate, when entering the system through 
intravenous injection, produces a copious diuresis. The discus- 
sion of the sulfate as occurring in acid waters may be found on 
page 51. 

Sulfur is an ingredient of a large number of waters. We are 
familiar with the characteristic odor of hydrogen sulfid, some- 
times compared to decayed eggs. In mountainous volcanic 
regions, springs containing sulfids, sulfates, common salt and 
other ingredients are frequently found. There is often seen in 
the spring, or in the water that escapes from it, a white or yel- 
lowish deposit of sulfur, and by the precipitation of sulfur the 
water has a milky appearance. This is due to the oxidation 
of the hydrogen sulfid by the oxygen of the air, water being 
formed. The separated sulfur after a time settles to the bottom 
of the vessel in which it is drawn. In the southeastern part of 
Kansas, where deep wells are used as a source of water-supply, 
the sulfur water which is pumped up is allowed to stand in res- 
ervoirs till the excess of gas has escaped or been oxidized and 
most of the sulfur has settled. 

Doctor Schweitzer,” in discussing the therapeutic action of 
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these waters, says: ‘‘To attempt an explanation of the medic- 
inal effects of sulfur water is difficult, and apt to result in dis- 
appointment. That such waters are potent in their effects upon 
the skin, the mucus membrane in general, and those of the air 
passages in particular, as also upon the liver and the whole 
portal region, is demonstrated in many cases. It is likewise 
known that the efficacy of such waters does not depend so much 
upon the free sulfureted hydrogen gas which they contain as 
upon the sulfids and perhaps other sulfur compounds from 
which, after their getting into circulation, sulfureted hydro- 
gen is evolved. The free gas, inhaled, or in solution in water, 
taken into the stomach, rapidly leaves the body without pro- 
ducing any apparent effect, while, when eliminated from sulfids 
that had entered into circulation, it manifests its presence by 
the appearance of a characteristic absorption band in the blood, 
and also by its quick and powerful effects upon the organism 
at large. Waters, therefore, which contain soluble sulfids—a 
rather unstable and easily decomposable class of bodies—are of 
much greater therapeutic value than waters merely rich in gas, 
although that gas be chiefly sulfureted hydrogen.’’ 

Some authorities believe that these waters have an alterative 
action, equal to that of mercury in syphilitic diseases. Sulfur 
water no doubt has a marked action on the liver, and assists 
this organ in the production of bile, which in turn assists so 
materially in digestion; hence, it is used in the treatment 
of chronic malarial diseases where there is a tendency to en- 
larged spleen and iiver, hepatic congestion, and accompanying 
Symptoms. 

Sulfur waters have been used with success in rheumatism, 
gouty inflammation, and chronic joint injuries. They are es- 
pecially valuable in such cases when used in the form of a hot 
or mud bath. Many people afflicted with cutaneous diseases are 
greatly benefited by bathing in these waters and at the same 
time taking them internally. Medical treatment with sulfur 
waters should be taken under the advice of a competent physi- 
cian, as, if too long continued, they may have a destructive 
action on the system. 
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As free sulfur acts only to the extent to which it is converted 
into sulfids—a slow process—the irritation produced by the 
direct use of free sulfur is mild but prolonged, and this is true 
in the intestines, where it is dissolved by the sodium carbonate, 
as well as on the skin. In mineral waters some of the sulfur 
separates out on standing, as noted above, so free (molecular) 
sulfur would be present in the stomach soon after drinking the 
water. Only a little of this would be dissolved, but this would 
be expected to produce a mild cathartic action. As the sulfids 
are oxidized in the body and eliminated as sulfates, it is as- 
serted that if taken into the stomach they do not produce any 
systemic ion action. 

OBJECTIONS TO THE USE OF MINERAL WATERS. 


It is sometimes urged against the use of mineral waters 
that this involves a kind of ‘‘polypharmacy,’’ or that a large 
number of substances are administered when we really desire 
to get the effect of only one or two. The same thing, however, 
might be urged against the use of many organic drugs, for 
here we haye a large number of substances present, and we 
only want the effect of a few with which we are particularly 
conyersant. Again, it has been urged that we do not fully 
know the composition of the mineral waters that we prescribe ; 
but this is also true of many drugs; so the objection is.not a 
valid one. 


CHAPTER IV. 


BRINES AND THEIR INDUSTRIAL USE. 


DEVELOPMENT OF THE SALT INDUSTRY IN AMERICA. 


About the middle of the seventeenth century the Jesuit mis- 
sionaries, in making journeys among the Indians, in what is 
now part of the state of New York, heard of certain springs 
which were regarded with superstition and said to contain de- 
mons. Several of these springs were pointed out to the mis- 
sionaries, and salt was manufactured from the waters by the 
Tndians and traders. 

In 1788 the systematic manufacture of salt was begun in the 
vicinity of Syracuse, and the following year the output of this 
region was about 200 barrels. Afterward, a premium was of- 
fered by the state for any salt produced on the New York reser- 
vation. After rock salt was discovered beneath the surface, in 
1878, the manufacture of salt from brines became a great in- 
dustry in central New York. At the present time salt is pro- 
duced. in large quantities in Michigan, Pennsylvania, Ohio, 
West Virginia, Louisiana, Nevada, Utah, California, and Kan- 


sas. 
Salt in Kansas. 


Large areas of the state of Kansas contain salt on the surface 
or within drilling distance. The principal region, however, is 
near the middle of the state, extending entirely across from 
north to south. 

The salt is found: First—as brines in salt marshes, which 
leave salt on the surface by evaporation in the dry season, pro- 
ducing the so-called salt plains; second—rock salt, which is 
found at varying distances beneath the surface; third—the 
greater part of the Permian and Coal Measure shales, in the 
eastern part of the state, have so much salt in them that the 
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water obtained from deep wells is quite strongly saturated with 
salt and other mineral substances. 


Salt Marshes. 

The salt marshes are found in a zone trending a little east of 
north and west of south from Republic county to Barber county, 
and to the Cimarron in Oklahoma. 

In Republic county there are two interesting marshes, Tuthill 
and Jamestown. There are two salt marshes in Mitchell 
county, near the southern border, and two near the northern 
border of Lincoln county. Stafford county likewise has two 
marshes; while south of Harper county, in Oklahoma, there are 
several salt marshes that were well known to the Indians and 
earlier settlers of the territory. 

Rock salt exists beneath a large area in Ellsworth, Barton, 
Rice, McPherson, Stafford, Reno, Pratt, Kingman, Sedgwick, 
Harper and Sumner counties. 

The extent of the distribution of salt in the underlying strata 
of the state may be gathered by reference to the following analy- 


ses of brines from various localities : 
Parts of salt per 1000. 


Well) Greenwood county ;-contains:.. vam. feos feelers eens 6.9 
(Gendaieprings, «Cowley COUNbYe. «aici se octets cere tons sta or 7.4 
WON ee HOt COUN EY sce cre sus cris tnie/seer eRe tine) Sie Se netessioatety sade tiers 16.7 
NvellWryandobtercounty saccrt se siiesirs of ecticienceta ale teres Ao seme 25.7 
ake ieade COUNGY tnp pte oe hiee aioe caste an Sore oe ae ae eRe eee 42.8 
Well, Douglas county, 1300 feet deep.......... 2.2... cece eee 49.7 
WGI Darton COUN CYA meaner ertcrettcte cs side ftcoisle «is at oes Sy nrates areas s 54.5 
Well, Pawnee county, (so feetideep.... 2. ec .k.. +. cece. cemacews 57.8 
Well, Montgomery county, 1091 feet deep.................... 59.4 
Wiellkvickeherson countyie ciao aes sae nicae oh oes Sek 187.0 


The pioneer salt manufacturer was a Mr. Tuthill. The scene 
of his operations was in the marsh previously referred to, in 
Republic county. In the fall of the year the water is generally 
nearly all evaporated, and the edges of the marsh are dry, and 
covered with a hard, thin scale of impure salt. Towards the 
center of the marsh the surface is more moist, and the scale of 
salt less thick and solid. “*‘‘This deposit is said to cover about 
1000 acres. When the sun is bright, and shines upon the en- 


30. Salt in Kansas; its Composition and Methods of Manufacture, E.H.S. Bailey, Reports 
Kansas State Board of Agriculture, vol. XIII, pp. 168-180. 
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crusted soil in the distance, the appearance is like that of a 
chain of lakes, and, indeed, a much closer inspection is neces- 
sary to destroy the illusion. A stream of fresh water flows in 
from the east, but after running a short distance it entirely dis- 
appears, nor does it dissolve very much saline matter in its 
course. Except in the rainy seasons, the marsh consists of 
‘hummocks’ and dried-up lake basins, incrusted with mineral 
salts. 

‘‘The saline incrustation is thick after a period of drought, 
but ordinarily it is thin, and, in some places, plumose, as if 
brought to the surface by the moisture of the soil. The in- 
crustation found on the Tuthill marsh is quite similar in com- 
position to the alkali waters of the Western plains. The soluble 
part of this substance has the following composition, as shown 
by an analysis made in the laboratory of the State University : 


‘STron.and aluminuni oxidsin. ae eee eee eee ee eee ee alle! 
Caleiumsulfate.c. 222.24 ciic.2 o Gere omioacdeetare er ie arcs eee .99 
Magnesium sulfates aici oc, cence ore treme ereisit crite eee 1.29 
Sodium carbonate and organic matter (undetermined)....... 3.56 
Sodium sulfatevs g3. }. 3. genie ee eee ee ee 21.98 
PSLOCHAYOA OM CN (e) BLS RPE Hloicoe Bot eer eso orcas cate nace 71.82 
Insoluble residues ec.3)0. Seta ae ee See eee ee .23 

100.00 


*1<<Tn the manufacture of salt, Mr. Tuthill would collect the 
salt scales from over the marsh and dissolve them in water, al- 
low the earthy impurities to subside, and siphon off the clear 
brine and evaporate it to dryness to recover the salt and other 
impurities. When the weather was not favorable for the forma- 
tion of salt scales over the marsh, he would dip or pump the 
brine from small wells and haul it to his little salt factory. The 
brine was evaporated from large kettles in much the same way 
that our fathers evaporated sugar water in Indiana, Ohio, and 
the Eastern states. At present this seems like a very primitive 
method, but at that time it was in accordance with the most ap- 
proved process. Portions of the arch of Mr. Tuthill’s kettle 
salt plant still stand to mark the spot of his primitive factory. 

‘In the early sixties Mr. Tuthill made salt and hauled it to 


31. Mineral Resources of Kansas, 1898, E, Haworth and M. Z. Kirk. 


University Geological Survey of Kansas. 


VouumeE VII, PLATE IIT. 


GAR ENG COMeY 777. eh : : 


The Solar Process Salt Plant of Solomon City. 
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Manhattan, where he received as high as ten cents per pound 
for it. Mr. Hazen says he sold over 100 barrels of salt made by 
Mr. Tuthill and other farmers from 1873 to 1876, while he kept 
a store in Seapo. 

‘This marsh and other similar ones of the state were of great 
value to hunters in early times. They would come here to 
‘‘jerk’’ their buffalo meat. In case they were in too great a 
hurry to wait to evaporate the brine and get the crystallized 
salt, they would dip the meat and hides into the strongest pool 
of brine and then dry them in the sunshine or by a fire. When 
a considerable quantity of meat was to be ‘‘jerked,’’ they would 
cut the meat into long strips, boil the brine in kettles hung over 
a fire of buffalo-chips, dip the meat into the strong, hot brine, 
and lay it out to dry in the sunshine or on a lattice-work made 
of green poles supported on four posts, with a fire under it. In 
this way 200 or 300 pounds could be cured in five or six hours. 

‘Previous to the admission of Kansas into the Union the salt 
marshes were thought to be of great value, and by act of Con- 
gress twelve salt springs were donated to the new state, at the 
time of her admission, the same to be located by her commis- 
sioners. These were all located on marshes where there are no 
flowing springs, and subsequently these reserves became a part 
of the endowment of the State Normal School.”’ 

Some important brine wells are located at Solomon City, in 
Dickinson county. The attention of prospectors was called to this 
deposit on account of a salt spring just west of town, and, in 1867, 
C. W. Davis, of New Bedford, Mass., drilled a well here which 
produced excellent brine. Several other wells were drilled, 
striking brine at from 84 to 100 feet from the surface. With 
varying fortunes different companies have been manufacturing 
salt at Solomon City up to the present time. The capacity of 
the Solomon Solar Salt Company is about 7000 barrels a year. 

ROCK SALT. 


There are several places in the state where the vast deposits 
of rock salt are mined directly. At Lyons a shaft was sunk in 
1890, and a factory was built for preparing the different grades 
of salt for the market. This shaft is about 1000 feet deep. 
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At Kanopolis, on the Union Pacific railroad, a salt mine has 
been in successful operation for more that ten years. At King- 
man there were two salt mines which did a thriving business 
for several years. : 
Composition of Rock Salt. 

For purposes of analysis care was taken to get average sam- 
ples of the stock. The samples were thoroughly heated, to 
drive off all moisture, before the analysis was made. In com- 
mercial salt there is often considerable moisture, as it is so 
readily absorbed from the air, and this moisture, of course, 
makes the salt by so much the less valuable. We should not 
expect to find so much moisture in coarsely ground rock salt as 
in evaporated or finely ground salts. The probable combina- 
tions of bases and acids are given. The Kingman salt has the 
following composition (analysis by E. H. 8. Bailey and E. C. 
Case) : 


L. II. III. 
POGMONMENIORIG ett. or cress tee eS 97.51 99.87 99.44 
Pnsoluble residue, ders a lek oe ke ee .20 01 09 
Caloimysul fates. soamansssck ce woe ne< es 1.51 - 07 07 
Sodium sulfates. 5... se. Re eteoer Dy hee aes .28 
Maonesiumichlorid., <3.2.0h..8e8 0.0020 10 .05 12 
RT GRVORAe omewe reas etek AO otis Seles ee aed OE sere 

MOLE See reece teed Eiier, heveis or moans 100.00 100.00 100.00 


is Th te III, Iv. v. 

Sodium chlorid.... 96.85 97239 98.20 99.78 97.95 
Insoluble residue.. .08 .09 .02 .O1 14 
Calcium sulfate... .97 2.02 1.25 .08 1.70 
Sodium sulfate.... 2.00 Ae an 3% 10 Trace 
Magnesium chlorid 07 .02 .02 .03 14 
Galemmichloridhe. -.s4sce mm oes 1D ily eae | eeers Brett 
iGyo sep dielencan gees .03 CO2i. Ge sek As} 07 

Totalsmanten. se 100.00 100.00 100.00 100.00 100.00 


Here the vein that is worked is more than eight feet thick. 
It will be understood that numerous other veins of excellent 
quality are pierced by the shaft before the depth noted above is 
reached. These veins are separated from one another by soft 
shale or clay, and might many of them be worked to advantage. 
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An analysis of Kanopolis salt given below shows that it also 
is extremely pure: 


I II. iit 
Sodinmeuchlorides sens seer ee 97.94 97.23 96.99 
insolublemesidues...0) cesarean 13 .08 -29 
Calciumisulfate. ae. uence eee oe 1.78 2.04 2.60 
Sodiumsulfatess. ce ncec oe eee ee oe 10 x: 3 hare ee 
Magnesium chloride. d-tcte re err .05 .24 12 
Totaleet test tec oe oe erate 100.00 100.00 100.00 


EVAPORATED SALT. 


The brine used for making salt is evaporated either by the 
solar process, as at Solomon City, or by the use of artificial 
heat, as at Hutchinson and elsewhere. 

The Solar Process. 

In the solar process the brine is obtained from a well about 
100 feet deep, although the chief supply enters the well at a 
depth of only thirty-five feet. 

From ‘‘ Mineral Resources of Kansas for 1898,’’ we quote the 
following : 

‘‘In making the salt, the brine is pumped from a well by 
means of a two-and-one-half-inch centrifugal steam-pump, 
having a capacity of 600 gallons per minute. It is delivered 
into a reservoir, where it becomes considerably concentrated 
by evaporation. The sediment pumped from the well subsides, 
and is shoveled from the bottom of the reservoir from time to 
time as occasion requires. To effect such a cleaning the pump 
is stopped, the brine turned into other rooms, the sediment 
shoveled out, and the reservoir properly cleaned with water. 
The depth of the brine kept in the reservoir is usually less 
than twelve inches, but considerable variation is noted from 
day to day, depending upon the rapidity of evaporation and 
rapidity of pumping. 

‘‘From the reservoir the brine is first carried into the ‘water 
room,’ where it is rarely allowed to be more than twelve inches 
deep. Here, the remainder of the mechanically held impuri- 
ties subside, leaving an entirely clear brine to be passed on to 
the ‘lime room.’ In this second room the evaporation is car- 
ried far enough to cause precipitation of the principal im- 
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purities held in solution, such as calcium carbonate, calcium 
sulfate, etc. After sufficient concentration in this room, the 
brine is next conveyed into the ‘pickle room,’ or the third one 
of the smaller rooms. It is left in the ‘pickle room’ until the 
concentration becomes so great that salt crystals begin form- 
ing. It is then transferred into the last or ‘crystal room,’ and 
allowed to remain until concentration causes the precipitation 
of nearly all the salt. ; 

‘‘By the solar process the evaporation is very gradual. The 
salt crystals begin forming first on the surface of the brine. If 
the brine is not agitated too much by the wind, the crystals 
frequently reach a large size; that is, from one-half to three- 
fourths of an inch on one side of the cube. This is particu- 
larly true where some slender object of support, such as a 
cord, or splinter from the wall of the vat, or a coarse piece of 
any kind of material is placed in the brine. Frequently, also, 
the well-known ‘hopper-shaped’ crystals are produced instead 
of the solid cubes. 

‘‘After a good bed of salt has been deposited in the ‘crystal 
room’ it is lifted into large baskets and allowed to drain for a 
few minutes, after which it is emptied into a horse-car, hauled 
to the storerooms, and allowed to ‘cure,’ or thoroughly dry.’’ 

At these particular works the brine is sometimes strengthened 
by adding to it crushed rock salt from some of the Kansas 
mines. This mixture is said not to yield so good a product as 
that made from the native brine. The brine, as taken from one 
of the vats, has been, perhaps, slightly concentrated. It has 
the following composition : 


Brine. Salt. Salt. 

Sodiiimrehlorid ey eae 120.08 98.20 98.53 
Insoltlble residues... eee eee 03 O8 ores 
@alemmsulfates. cee ee eee 6.92 1.24 92 
Magnesian sulfate cin. cc es eee Trace a totam WA SS 
Sodiumiusulfater.a..-esn ce eee 5:89 Fee. 41 
IMasnesinm:chloricle ye cisscetocmere Tima tere 14 
MICAS) ceenece eee ttc a isi Occ S6708'= a ee 
1000.00 100.00 100.00 


(Specific gravity at 72° F., 1.085=B?° 12.) 
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The Hutchinson Packing Company’s Salt Plant. 
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MANUFACTURE OF SALT BY DIRECT HEAT. 


Most of the salt put upon the market from Kansas is made by 
evaporation of the brine by direct heat. After the well has 
been bored it is cased with an iron pipe about five and five- 
eighths inches in diameter. Inside of this is a smaller pipe 
which is of sufficient size to allow water to pass between it and 
the larger pipe. The water that is forced down dissolves the 
salt, which is forced to the surface through the inner pipe, and 
is stored in convenient tanks till it can be evaporated. The 
brine is evaporated either by the ‘‘pan process,’’ ‘‘ grainer proc- 
ess,’’ or by the ‘‘ vacuum process.’’ 

THE PAN PROCESS. 


In the pan process the brine is evaporated by direct heat. 
The pan consists of a wrought-iron vessel about 125x25 feet and 
about 12 inches deep. A coal fire (usually ‘‘slack’’ is used as 
fuel) is built beneath one end of this pan, and the products of 
combustion pass under the whole length of the pan. The brine 
is allowed to trickle into the pan in aslow but constant stream. 
The first division of the pan, and in some cases several divi- 
sions, are so arranged that the brine can be retained there till it 
had been evaporated sufficiently for it to deposit some of its im- 
purities, especially the calcium sulfate. When this has been 
accomplished, the brine, which is now saturated with salt, is 
allowed to flow into the last division of the pan, where the heat 
is not so intense. Here the salt crystallizes out and falls to the 
bottom of the pan. It is removed from the pan by being 
scraped out by workmen with long-handled rakes upon the 
platform at the side of the tank, where it is left for some time 
to drain before being shoveled into carts for transfer to the store- 
room. Here it stays for several weeks, or until it can be 
shipped, and it drains still more through the perforated floor 
provided for this purpose. Each pan is raked once in two 
hours. Although each pan and furnace form a complete set 
for making the salt, it is customary in the larger ‘‘blocks’’ to 
place a number of these pans side by side, and the product is 
then all dumped into a common storeroom. 
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As an illustration of the quality of the different brines the 
following analyses are given. The samples were taken directly 
from the storage tanks (analysis by E. H. 8. Bailey and E. C. 
Case) : 


Wellington. Sterling, Hutchinson. 
INAGII(RAIt Ra ern ce rete ese 247.270 293 . 760 286 .080 
Ral Olean s OME SON etree eB .030 025 .0T5 
Mice Cl rrercretinin es a yetcincn aes 8 684 966 1.190 
aS Oeeratcres oh Siocon eens 5.464 5.185 5.404 
Cia Gl oerte et See ce iain e ie atecaae mae tees 1320 
Nag SOM ase see oak ASC ChOS .028 ROO ASA eee 
H,O (by difference) .......... 746.524 799 .358 706.931 

1000 .000 1000 .000 1000 .000 


THE GRAINER PROCESS. 


This is an American system, and was devised for the purpose 
of producing salt cheaply from comparatively weak brines. By 
combining the lumber and salt industries the manufacturers 
were able to utilize the exhaust steam from the sawmills during 
the day and use direct steam at night for evaporating the brines. 
In this process the brine is heated in the “‘settler’’ and then 
drawn off into the various evaporating pans, which are heated 
by steam-pipes running backwards and forwards across the bot- 
tom of the pans. The less soluble impurities, especially the 
gypsum, collect on the hottest part of the steam-pipes. This 
coating may be removed from time to time, after the mother- 
liquor has been drawn off, by turning steam into the pipes, thus 
causing them to expand so that the scales can be broken off. 

The process of making salt is a continuous one. New brine 
is added, and the salt is raked out as often as necessary, and is 
deposited upon the platform at the side of the pan to drain. 

A single example of a commercial brine and of the salt manu- 


factured from it will suffice : 
1000 parts Per cent. com- 


of brine, position of salt. 
Sodnimeehiloxideer cco o.oo nr ee tee ane eels 264.780 98.23 
hrisolublesresiduers © 92s: assoc ac ere ne eens .050 OL 
@AICIUMPSU ACO astra een mereots ueracte ro oicsetema crs ons 6.009 1.68 
Magnesiumige Hloricliy. cet cin starerarave ais NOR foci 1.200 .08 
MaleiiacCWlOriGie ae iealtie ean: acetates seers OO mma eae 
TOTO MIC eer in en tats iene ieee siaaaaes ODOM nae a 
Wisteria cis orci ce arta eet annie vectpnetacd« (Payee | EE See 


Nigh TON he ert ty) cite ae ore: 1000 .000 100.00 


(*‘MOIA pUo) suv Suyesodeany Sarmoyg ‘4uelg y[eg UosuryoynyT wv Jo IOTL0} UT 


Ca er tee 7 “I 


AWOTOA ‘sesuBy JO AvAING [BOISOTOOH AyIsueAtTTE) 


‘TA SLVTG ‘ITA 


BaILey. | Salt and Salt Brines. 81 


THE VACUUM PROCKSS. 


The third process for making evaporated salt is known as 
the ‘‘vacuum process.’’ This process has not been extensively 
used, but the apparatus consists essentially of a kettle which is 
connected with a vacuum pump so that the brine may be boiled 
at a lower temperature. The salt that is formed is automatic- 
ally carried away and fresh brine is at the same time supplied 
to the pan as rapidly as evaporation takes place. 

KANSAS SALT COMPARED WITH OTHER BRANDS. 


Some examples have been given to show the purity of the 
Kansas salt. The following analyses of other salts that are on 
the market are quoted for comparison : 


ER USERETENNG Serpe eres aga Ste aR Eats Nal ane Shes i ote God wit 97.8 
OTSTCTITS ENC: eh ney ore inrecras ie ani sirens opener a Wrens a cde ote 97.7 
ANS COTS) core, peas: oon Seca o EOE OOS Can Hae OE EG CSE Oe CCR 97.6 
WGCIUM IS apmeten: Censor eat h IKe en Mocetce ones do Untxacnmarbloe « 97.5 
ANAC AINE ROTA oe ede mr kG Oe mio CIS eno COUR co Ea Deeb aae 97.4 


With abundant brine, and that of excellent quality, the only 
obstacle that can stand in the way of economical production of 
salt in large quantities is cheap fuel. By the use of coal-slack 
the cost of fuel has been considerably decreased ; but still, the 
expense is large compared with that in some other salt regions 
where slabs are burned or coal-mines are near at hand. By 
the use of more economically constructed furnaces much will 
no doubt be gained, for, by the present methods, much of the 
coal goes out through the chimney in unburned carbon, under 
the name of ‘‘smoke.’’ This is all lost fuel, of course. Pos- 
sibly, by some cheap system of compression, the vast quantity 
of straw and corn-stalks that are produced in the state may yet 
be utilized as fuel. 

In studying economy of production, it will be noted, also, that 
only a saturated brine should be used for evaporation. Every 
pound of unnecessary water evaporated adds to the expense ; so 
the rate of pumping of the brine should be carefully watched. 

There has been an increasing amount of salt produced in the 
state since 1888, when the industry began to be fairly estab- 
lished. The latest available report, fiat for 1899, shows a pro- 
duction of 2,172,000 barrels. 

6—vli 


CHAPTER V. 


THE THEORY OF SOLUTIONS. 
BY PROF. H. P. CADY. 


The modern theory of solutions is of especial interest in con- 
nection with a discussion of mineral waters, because of the 
light which it throws upon the condition and properties of the 
dissolved mineral matter. 

Solutions Defined.—A solution may be defined as a homoge- 
nous mixture of two or more substances which resembles a 
chemical compound in that the constituents cannot be separated 
by ordinary mechanical means, but which differs from a chem- 
ical compound in that the relative proportions of the con- 
stituents may vary between wide limits. Solutions may be 
divided into two classes: First, solutions which will conduct 
electricity ; second, solutions which will not conduct electricity. 
Solutions of the first class are of the most interest here because 
in this class are included solutions of acids, bases and salts in 
water, and hence it embraces all mineral waters which are 
simply aqueous solutions of various mixtures of the above-men- 
tioned substances. 

Theory of Ionization.—There are a good many reasons for be- 
lieving that in solutions which will conduct electricity the mole- 
cules of the dissolved substances are broken up by the action of 
the solvent into smaller parts, called ions. This belief rests 
upon a great body of experimental facts which are too numer- 
ous and complex to be discussed here. According to this theory, 
when common salt, sodium chlorid, is dissolved in water, the 
molecules of sodium chlorid are broken up by the action of the 
solvent into sodium ions and chlorin ions, each of which is en- 
tirely free, uncombined, and independent of the others. These, 
ions are not to be confused with the atoms of the elements, for 
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they differ from them, markedly in properties; for instance, 
metallic sodium attacks water vigorously, the sodium ion does 
not; chlorin is a gas having a greenish-yellow color, disagree- 
able odor, etc., chlorin ion has none of these properties. This 
great difference is due to the fact that the ions are very heavily 
charged with electricity. 


Aetion of Solvents.—Comparatively few solvents have this 
power of breaking up or dissociating dissolved substances, and 
of these water is the most powerful. But by no means all sub- 
stances can be broken up into ions, even when dissolved in 
water; sugar, glycerol, alcohol, etc., are not dissociated to a 
perceptible degree, and their solutions do not conduct elec- 
tricity. 

Degree of Dissociation.—The degree of dissociation of an ion- 
izable substance depends upon the concentration of the solution ; 
the more dilute the latter is, the greater the degree of dissocia- 
tion. In solutions as dilute as most mineral waters, the sub- 
stances may be regarded as being completely dissociated, and 
therefore the properties of such mineral waters are simply the 
sum of the properties of the ions present. 

Combination of Elements in Water Analysis.—The question of 
how to combine the results of an analysis of a mineral water 
has always been a vexed one. But with the modern view of 
solutions all these difficulties disappear, for most waters are so 
dilute that the substances are not combined but are present as 
ions; or if the solution is more concentrated, the same ions will 
be present, together with all the possible salts. For instance, 
if a dilute solution of sodium chlorid which will contain simply 
sodium ions and chlorin ions but not an appreciable quantity 
of the compound sodium chlorid, be mixed with a dilute solu- 
tion of magnesium sulfate, which will contain simply magne- 
sium ions and sulfate ions, there will be no reaction, and the 
solution will contain only these four ions and none of their 
possible compounds. Such a solution is absolutely identical in 
physical, chemical and therapeutic properties with one which 
is made by dissolving in the same quantity of water an equiva- 
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lent quantity of sodium sulfate and magnesium chlorid, and it 
would be impossible for any one to detect the least difference 
between the two solutions. If the solution is more concen- 
trated so that the dissociation is not complete, there will be 
present the four ions—sodium, magnesium, chlorin, and sul- 
fate, together with the four possible salts—sodium chlorid, 
sodium sulfate, magnesium chlorid, magnesium sulfate. Fur- 
ther, two of such solutions will be absolutely identical, no 
matter which pair of salts be dissolved. Under these circum- 
stances, it would be obviously incorrect to report the substances 
as present either as sodium chlorid and magnesium sulfate, or 
as sodium sulfate and magnesium chlorid. The only rational 
way is to report them as ions, and this is the method that has 
been given prominence in this work, although the other meth- 
ods have been followed also for comparison. 

Therapeutic Properties Rest Largely in the Ions.—The therapeutic 
propeties of a mineral water are the sum of the properties of 
the ions, together with those of the undissociated portions of 
the salts present. Most mineral waters are so dilute that the 
undissociated portion of the salt may be neglected and the at- 
tention directed merely to the ions. The therapeutic properties 
of the various ions will be discussed in another portion of this 
work, 

Occurrence of Ions in Mineral Waters.—It is of interest to no- 
tice that the following ions which are required by animals for 
their growth and nutrition are all present in mineral waters, 
namely: Na, Cl, CO;, Ca, K, Mg, I, Fe, PO,, and SO,. Min- 
eral salts are also carried by water to the rootlets of plants, and 
the following ions which are necessary to their growth are pres- 
ent in waters: K, Mg, PO,, CO,, with Ca, in most cases, and 
Mn often; NO, and SO, are useful as nutrients. 


CHAPTER VI. 


METHODS OF ANALYSIS, OF CALCULATION, AND OF 
STATING RESULTS. 
METHODS OF ANALYSIS. 

Total Solids.—This determination is made by evaporating 
from 100 cc. to 500 cc. of the water to dryness on a water-bath 
in a weighed platinum dish, and then heating the residue to 
130° C. in the air-bath. The presence of various hygroscopic 
salts may cause this result to be more or less dependent on the 
quickness with which the weight is made. The result is of 
special use as a ‘‘control’’ test, so this determination is never 
neglected. It is sometimes advisable, after weighing, to ignite 
the dried residue, so as to notice if an appreciable blackening 
takes place. This blackening would indicate the presence of 
large quanties of organic matter. 

Determination of Bases.—The analysis for those bases that are 
most abundant is made by using a fresh sample of water, from 
one to ten liters, dependent on the amount of total solids ob- 
tained above, acidulating it with hydrochloric acid, and evapora- 
ting to dryness on the water-bath. The evaporation may be 
hastened by boiling gently at first in a porcelain evaporating 
dish, and adding measured quantities of water from time to time, 
and completing the operation on the water-bath. The residue is 
either heated on the water-bath till every trace of odor of hydro- 
chloric acid is gone, or it is heated to 110° C. on a water-bath 
forsome time. After moistening the residue with hydrochloric 
acid and digesting, water is added, and the solution is filtered. 
It is of the utmost importance to note at this stage that in the 
presence of notable quantities of calcium sulfate, a single treat- 
ment in this way is not sufficient, but the residue should be 
boiled several times with dilute hydrochloric acid and water. 

(85) 
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Silica and Insoluble Residue is the term applied to the above 
precipitate. After this is weighed, it may be tested for purity 
by heating with hydrofluoric acid. If any residue remains after 
this treatment, it should be tested for barium sulfate and other 
constituents by fusion with sodium carbonate. 

For Iron and Aluminum Oxids, the filtrate from the silica and 
insoluble residue is treated by the ordinary methods, using 
ammonium chlorid and ammonium hydroxid. If the amount 
of this precipitate is considerable, the precipitate should be re- 
dissolved and again precipitated, using the same filter for col- 
lecting the precipitate the second time, and combining the 
filtrates. This precipitate, in addition to the above oxids, may 
contain phosphoric anhydrid, in case a qualitative examination 
has shown that to be present in the water. To determine the 
iron, after weighing, dissolve the precipitate in concentrated 
hydrochloric acid by digesting for some time, and determine 
the iron volumetrically in a sulfuric-acid solution by the ordi- 
nary methods. If phosphoric anhydrid was present, that should 
be determined in a separate sample of the water. The sum of 
this oxid and ferric oxid substracted from the total precipitate 
is calculated as alumina. 

For the determination of Calcium, the filtrate from the iron and 
aluminum hydroxids should be treated with ammonium oxalate, 
and the solution should be kept warm forsome time. Incase much 
magnesium is supposed to be present, it is best to dissolve the 
precipitated calcium oxalate in hydrochloric acid and precipi- 
tate a second time, combining the filtrates. Calcium may be 
weighed as oxid or sulfate. 

As Magnesium still remains in the filtrate from the calcium, 
evaporate this filtrate to dryness with an excess of nitric acid in 
a porcelain evaporating dish, and finally heat over wire gauze.- 
By this treatment, in ordinary waters the ammonium salts 
will nearly all be converted into ammonium nitrate, which, at 
a higher temperature, is broken up into nitrous oxid and water, 
both of which are readily volatile. In this way the excess of 
ammonium salts, which would interfere with the complete pre- 
cipitation of magnesium, is nearly all removed. The residue 


BaILEy. | Methods of Analysis. 87 


is dissolved in water acidified with nitric acid, filtered if neces- 
sary, and treated with a few drops of ammonium chlorid, then 
with ammonium hydroxid and sodium hydrogen phosphate, by 
the ordinary methods. 

For the determination of Sulfuric Acid, a fresh portion of the 
water, from 100 cc. to 1000 cc., is acidulated with hydrochloric 
acid, filtered if necessary, and evaporated somewhat, if the 
amount of sulfuric acid issmall. The solution is heated to boil- 
ing and treated with as small a quantity of hot barium chlorid 
solution as possible to insure complete precipitation, and after 
standing for some time the precipitate of barium sulfate is fil- 
tered off. After weighing, as this precipitate is so liable to 
carry down with it other barium salts, it is boiled with hydro- 
chloric acid, and, after the addition of water, filtered, ignited, 
and again weighed. 

For the determination of Potassium and Sodium, the filtrate 
from barium sulfate is evaporated to dryness with hydrochloric 
acid, and silica is separated as usual. The solution is then 
treated with barium hydroxid, and, after standing for some 
time, is filtered. The filtrate is concentrated tosmall bulk and 
ammonium carbonate is added and the solution is again filtered. 
The filtrate is evaporated to dryness in a platinum vessel, and 
the residue is ignited at a low temperature. A few drops of 
water are added to the residue and a small piece of solid am- 
monium carbonate is added, and the solution is allowed to stand 
for ashort time. In case a precipitate, which would be carbon- 
ates of alkaline earths, is obtained, filter off, and evaporate the 
filtrate to dryness and again heat cautiously, and weigh. The 
residue consists of chlorids of the alkalies, and may be exam- 
ined for the individual alkalies by well-known processes. If 
lithium has been found by a spectroscopic test, a larger quan- 
tity of water must be used and a special determination of lith- 
ium made. 

For the determination of Sodium Carbonate, a liter of the wa- 
ter is evaporated on a water-bath to dryness, distilled water is 
added, and the solution is filtered, with slight washing of the 
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precipitate. The filtrate contains the sodium carbonate, which 
may be estimated by the ordinary alkalimetric methods. 

The amount to be used for the estimation of Chlorin depends 
upon the quantity of chlorids in the water. For ordinary 
waters from 200 cc. to 500 cc. is sufficient, and, in the latter 
case, it is advisable to concentrate the water by boiling, first 
making the water exactly neutral by sodium carbonate, in case 
it has an acid reaction. Determine the chlorin by titration with 
a standard solution of silver nitrate, observing that the water 
should be made exactly neutral before titration. 

In the estimation of Lithium, the method suggested by Gooch 
was followed.” To the concentrated solution of the weighed 
chlorids of sodium, potassium and lithium amyl alcohol was 
added, and heat applied gradually, until steady boiling was ef- 
fected (about 270° F.) This precipitates the potassium and 
sodium chlorids, and dissolves the lithium chlorid. To the 
cooled liquid two drops of strong hydrochloric acid were then 
added, and the boiling repeated. The solution was allowed to 
settle, and decanted through a filter, and the filtrate measured. 
The residue was washed with dehydrated amyl alcohol, and the 
washings added to the filtrate after measurement of the former. 
The filtrate and washings were evaporated in a platinum cruci- 
ble to dryness, converted to sulphate, heated to fusion, cooled, 
and weighed. From this weight was subtracted for each ten 
cubic centimeters of the filtrate .0005, .0006 or .0010 grams, ac- 
cording as only sodium chlorid, potassium chlorid, or both, 
were present in the amyl alcohol filtrate. The presence of 
lithium in the sulfate residue was in each case confirmed by 
the spectroscope. Special evaporations of at least a liter of the 
waters were made for the lithium determinations. 

For the determination of Bariwm and Strontium, the follow- 
ing method has been found to.be very satisfactory : * 

‘‘Evaporate from five to fifteen liters of the water nearly to 
dryness, filter, and wash. The residue will contain barium and 
strontium as carbonates and sulfates, and the filtrate may be 


32. See Leffmann and Beam’s ‘Examination of Water for Sanitary and Technical Purposes.” 
33, Condensed from Cairns’s Quantitative Analysis, pages 296-298, 
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used for the determination of bromin, iodin, and boric acid. 
The residue is treated with hydrochloric acid, evaporated to 
dryness, as in the separation of silica, and the insoluble residue 
is filtered off. Call this filtrate ‘solution B.’ The residue last 
mentioned is heated with hydrofluoric acid to expel silica, and 
then fused with sodium carbonate. The fused mass is dis- 
solved in water, and the precipitate, which would contain the 
barium and strontium as carbonates, is dissolved in hydro- 
chloric acid and added to solution B. This solution, with so- 
lution B, is treated with sulfuric acid to precipitate the sulfates 
of barium and strontium, the precipitate is ignited and fused 
with sodium carbonate, digested with water, and filtered. The 
insoluble part is treated with acetic acid, and in this solution 
the barium is precipitated with potassium chromate. This pre- 
cipitate, after being filtered off, is digested with sulfuric acid, 
and finally weighed as bariwm sulfate. The filtrate from the 
barium chromate is digested with ammonium carbonate, and 
the strontium carbonate, with a little calcium carbonate, is 
filtered off. This precipitate is dissolved in nitric acid and 
evaporated to dryness in a weighed platinum dish. The solid 
residue thus obtained is digested with a mixture of equal parts 
of absolute alcohol and ether, which will dissolve the calcium 
nitrate without having any appreciable action on the strontium 
nitrate. Weigh the residue as strontium nitrate in the platinum 
dish. Test all the residues with the spectroscope.”’ 

For the determination of Boric Acid, an excellent method is 
that suggested by Gooch.* In this process the dried salts are 
treated in a retort of special construction, which can be heated 
in a parafine bath, with acetic acid and methyl alcohol, and 
the latter on being distilled off carries with it the boric acid. 
This acid is then caught in a known weight of calcium hydrate, 
and after the operation the calcium oxide is heated and deter- 
mined. The increase in weight of the lime is due to the boric 
anhydrid (B,O,) that has been absorbed. 

For the determination of Fluorin,” a large quantity of the 


34, Ae Chem., Jour., IX, 23 ; also, Cairns’s Quant. Anal., p. 299. 
35. Cairns’s Quant, Anal., p. 301. 
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water is concentrated, and precipitated with calcium chlorid, and 
after filtration the ignited precipitate is treated with acetic acid 
to dissolve the carbonates. The residue which contains the 
fluorids is dried, and mixed with pulverized quartz and concen- 
trated sulfuric acid, and heated. The loss in weight is the hy- 
drofluric acid which has been volatilized. 

In order to determine Sulfur,” which may be present as sul- 
fids, hyposulfites, or free hydrogen sulfid, the water must be 
treated at the springs for each of the ions supposed to be pres- 
ent. The sulfur existing as free hydrogen sulfid gas and as sul- 
fids may be determined by treating a known volume of the 
water at the spring with an acid solution of cadmium clorid, 
and, after filtration, determining the cadmium by the usual 
methods. 

For the quantitative determination of Chlorin, Bromin, and 
Todin,” the mixture of the evaporated salts is placed in a flask 
of 250 cc. capacity with 40 grams of potassium dichromate and 
enough water to make 100 cc., counting the water in which the 
halogens were dissolved. The flask is provided with a drop- 
ping funnel through which water may be added to keep the 
volume of the solution above two-thirds and not more than the 
original amount. ‘The flask is also connected to a vertical con- 
denser, which condenses the steam and halogen vapors. The 
halogen vapors are received at the lower end of the condenser 
in a five-per-cent. solution of potassium iodid. After the mixture 
has been boiled till the iodin is all distilled, eight cc. of sulfuric 
acid (equal volumes of sulfuric acid and water) is added 
through the dropping funnel, and the mixture is again distilled 
until bromin no longer comes over. The iodin distilled over 
and the iodin set free by the bromin which was distilled over 
are each titrated with ;+, thiosulfate solution, and the iodin 
and bromin calculated from the amount used. The chlorin can 
be estimated with a silver nitrate solution in the cooled residue 
in the flask. 

For Nitrates, the methods described in the report of the Mas- 
sachusetts Board of Health for 1890 may be employed. 


36, Erdmann’s Journal, vol. LXX, or Cairns’s Quant. Anal,, pp. 302-304. 
37. Journal of the British Chemical Society, vol. 49, p. 682, M. Dechan. 
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METHODS OF CALCULATION AND OF STATING RESULTS. 


Tt is important to inquire what is the simplest method of 
stating results in a chemical analysis. We determine so much 
silica, calcium, oxid, sulfuric anhydrid, chlorin, etc. ; so it has 
seemed to the author best to use what he has termed ‘‘radicals’’ ; 
but even here, if he includes sodium oxid, there is an assump- 
tion that this is really the condition in which sodium should be 
combined. On this account, therefore, if we would state the 
exact result of the analysis, we can only do so in terms of 
ions (see chapter V ), following practically the report of the com- 
mittee of the A. A. A. S.,* appointed at the Buffalo meeting. 

Ions and Radicals.—In stating the results, then, the ions 
are first reported, then the radicals, calculated from these 
ions; next, the probable combinations of the basic and acid 
ions, all in grams per liter; and finally the probable combina- 
tions, in grains per gallon. The method of expression by radi- 
cals will enable the chemist to better report the relative amounts 
of each substance found, while, if he wishes to report the actual 
elements determined, he can find them in the column marked 
‘‘ions.’’ Itis true, in writing the radicals, we have included 
carbonic anhydrid and water, with the understanding, how- 
ever, that these are usually ‘‘calculated,’’ and not determined. 

Now it practically happens that there is considerably more 
carbon dioxid than is necessary to combine with the bases with 
which we assume the combination takes place. This is of 
course due to the well-known solubility of carbonic anhydrid 
in cold water. In making the list of radicals, we have as- 
sumed, as above noted, that a certain amount of oxygen was 
united with the metals giving us Na,O, K,O, etc.; but we know, 
in comparing the sum of the individual constituents with the 
total solid residue, that often a part at least of the sodium was 
combined with chlorin, for instance, so that the oxygen of these 
radicals does not really belong there, and should be subtracted. 
It is true we have made arbitrary comparisons, as some one has 
said, which cannot be proved. Nevertheless, for convenience of 
comparison, this method is adopted. 


38, J. Anal. Chemistry, vol, III, p. 398. 
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Hypothetical Combination.— As it has been the custom among 
water analysts to report the constituents as being present in 
definite combination as salts, the ‘‘hypothetical combination”’ 
has been stated in another column, so as to make the analysis 
more intelligible to the ordinary reader and to the physician 
who is not familiar with ions or radicals. This is especially 
desirable because we can thus compare the analysis of those 
waters with the analyses of other chemists. The problem in 
regard to what combination should be made is a complex one, 
for certain combinations that would take place in a dilute solu- 
tion do not take place in a concentrated one. If the solutions of 
two salts are mixed, and an insoluble salt is precipitated by this 
mixture, then the reaction is a simple one. But how shall we 
know what takes place when, for instance, solutions of mag- 
nesium sulfate and sodium chlorid are mixed? No precipitate 
is formed. Does the solution contain each salt as originally 
present, or does a metathetical reaction take place, forming so- 
dium sulfate and magnesium chlorid? 

So many factors must be considered in the discussion of this 
question that we must decline to answer it positively. We 
must know the effect of temperature, of concentration, and of 
other salts in solution, as well as of the relative quantities of 
each salt present, before we can form a judicial opinion as to 
what combinations are actually present. If the solutions are 
dilute no change takes place, and the substances remain as ions. 
If the solutions are concentrated, all possible salts as well as 
all the ions will be present. (For a further discussion of this 
problem in the light of the most modern theories, see chapter V.) 

Following the example of most chemists, the results are ex- 
pressed in terms of grams per liter. This seems to be prefer- 
able in the case of mineral waters where the amount of total 
solids is large, rather than expressing the results in terms of 
parts per hundred thousand or parts per million, according to 
the custom in reporting the sanitary analysis of waters. We as- 
sume, of course, that grams per liter represents parts per 
thousand by. weight, but this is only true in the case of waters 
having a very low specific gravity, and to make it absolutely true 
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in regard to all waters examined we must know the actual spe- 
cific gravity, and take that specific gravity into consideration in 
making our calculations. We have adopted the system of ex- 
pressing the results in grams per liter, also, looking hopefully 
to the time when this nation will follow other civilized nations 
and adopt the metric system as the only legal system of weights 
and measures. 


Grains in a Gallon.—It unfortunately happens that in this 
country people have adopted the habit of representing the 
composition of mineral waters in terms of grains per gallon. 
. The physician and the ordinary reader who is interested in 
sanitary matters have become accustomed to this, and they 
find difficulty in interpreting the results stated in any other 
way. Therefore, in deference to this fact, results are also ex- 
pressed in grains per United States gallon of 231 cubic inches, 
as represented in the last column. 

There is, however, unfortunately still a disagreement as to 
the actual relation of grains per gallon to grams per liter. It 
is hoped that this disagreement among authorities will be 
speedily reconciled. As an example of what some of the best 
authorities have used as a factor to express this relation, it is 
noticed that Professor Mason has used the factor 58.3349, Pro- 
fessor Chandler 58.318, Dr. A. C. Peale, of the United States 
Geological Survey, prefers 58.41, Prof. W. R. Nichols has used 
58.37, Prof. Paul Schweitzer in his late report” recommends 
58.41, and Professor Brockett uses the factor 58.372. 

In the calculations in this volume the factor 58.41 has been 
employed. 


39. Mo. Geol. Surv., vol. III, Mineral Waters. 


TapLEe oF Factors UseD IN WaTER-ANALYSIS CALCULATIONS. 
BY D. F, MACFARLAND, 


Multiply the amount found by the factor to obtain the amount sought of the corresponding 
substance. Whole numbers, except 35.4 for chlorin, are used for atomic weights. 


) 


Found. Sought. | Factor. | Found. Sought. Factor. 
CALCIUM. IRON. 
CaSO. CaO | .41181 | FeHs(COsz)2 FeO .4045 
Ca | .29428 Fe .3146 
SO: | ‘58819 | | H,O 1011 
CaH2(COsz) 2 CaO | .34569 2CO, .4943 
H.O | [11111 | FeCOs _ FeH,(CO,). | 1.5345 
2002 | .543821 Fe .4868 
Ca | |2471 FeO .6201 
CaCOz CaH2(COz)2 | 1.6200 Co, .3790 
Ca .40032 | FezOs | 2FeO . 90002 
CaO .06021 | 2Fe - 70008 
CO: 43979 | 2FeH,(CO,),| 2.2250 
CaCle CaO | .5050 FeO | Fe ‘TTT 
oh . 0389 | FeSO. | FeO .4740 
a 0051 | ——~—<C:*«C ACL MENNML{ 
CaO Ca 71459 || 91.6 mene agin ty Ee 
Caz (POs)2 3Ca “3910 || 4220s 2! | .5: 
sane ccnae MANGANESE, 
Mg | “2000 ai -1017 
MgHz(COs)2 | MgO 2739 = ete 
Me Soe Mn ‘3102 
H:O : 1233 MnO, } 3MnO j . 9300 
2002 6027 POTASSIUM. 
MgCOz MgHe(COs)2 | 1.7380 | KeSOz K.O .54061 
Mg "2856 | 2K "44800 
MgO 4769 | 2KHCO; K.O 4800 
; 5241 H.O “0810 
MgCls MgO “4219 2CO, "4400 
M . 2530 2K .3920 
2Cl 7468 2KCl1 i K,0 .63189 
MgO Mg | 2K .5240 
SODIUM, 2Cl .4780 
Na2SO; NazO . 43682 K:COs 2KHCO, 1.4492 
2Na 732429 | 2K -5652 
2NaHCOs Na.O 36910 | Ke = oe 
Na 2738 LITHIUM. 
H2O0 10714 | 2LiCle Li,O 3540 
2CO2z .52380 2h .0900 
NaeCOz 2NaHCOsz 1.5849 | 2Cl .8350 
2Na .4347 2LiHCOs; Li,O . 2206 
2NaCl Na2O .53083 | 2hi .1028 
2Na 39407 | H,O 1323 
2C] 60616 | 260, 6471 
NazB.0; NazO .3070 LizCO; | 2LiHCO, 1.8378 
2Na . 2278 2Li .1891 
BOs .6925 || LieO | Qi .4670 
oNaNO> — es ACIDS, RADICALS, AND IONS. 
NOs 6352 | SOs SO, 1.2000 
INaBr NavO ‘3012 =| SiOz SiO, 1.2666 
2Br 77160 BsO¢ BO, 1.1142 
Nal NacO : 2080 2POs4 PO: 7470 
21 : 
: oe Oxygen ( Chlorin, . 22599 
¢ pinay | equivalent j} Bromin, | .10000 
(NH)):SO, | 2NH, | .2730 ||: of ( Todin, -06300 
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Some of the analyses reported in this volume are by other 
chemists than those of the Survey, and no definite figures are 
obtainable as to their methods of calculation. Where they have 
represented the hypothetical combination, as is usually the case, 
in terms of grains per gallon, from these figures the grams per 
liter, using the factor 58.31, have been calculated. The radi- 
cals have not usually been calculated in such cases. In several 
analyses the chemists have made no attempt at even a hypo- 
thetical combination, and here only radicals and ions per liter 
are given. 


CHAPTER VII. 


CLASSIFICATION OF MINERAL WATERS. 

On account of the complex character of the material, and the 
fact that while one substance may be present in large quanti- 
ties the character of the water is greatly modified by other 
substances which are present in smaller quantity, it is ex- 
tremely difficult to classify mineral waters. The following 
systems of classification are common: 

The French method : 


PS EW | BANS naccre ne WAR IPSN arms ea UP umes, SERRA RB Tea teair hs a Sulfur. 
Bicarbon ates aii Siena eae ok ae et ae eee Ferruginous. 
Sulfate co cate. seek wa eae etd opts gi naa tee ere Indifferent. 
The German method: 
Al Kalino rvs aatcs once dieseleiise oretin a ee waters ale Epsom salt. 
EDT: ar] © 1s ar ON Pee A ts Rd em FP ee OG ye, Bea ice me SUP Sulfur. 
Common salt Vecnun on cc vias inter oe aie eee ere eee Tron. 
Glauber’st salt. <chce vie toro earth eae ae Indifferent. 


The English and American methods are somewhat more 
complex. Doctor Buck* suggests the following : 
Neutral springs, containing chlorides and sulfids. 
Alkaline springs, containing carbonates. 
Acid springs. 
Those having special constituents, such as arsenic, alum, etc. 

Under the first we have two subclasses, the chlorids and 
sulfates. There may be a large excess of one or of the other. 

The bromids and sulfids are also included in this class. ~The 
Kreutznach water is an exampie of this class containing 
chlorids, and the Crab Orchard water and Friedrichshall water 
are good examples of sulfate springs. 

Under the second class he would include alkaline and neutral 
salts such as carbonates of sodium, potassium, lithium and 
magnesium. The Saratoga waters are good examples of this 
class. Some changes are liable to take place in these springs 


40. Reference Hand-book of Medical Sciences, volume IV, pages 690-694. 
(96) 
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so that their composition may be different after a time. The 
change might be as follows: Na,CO,+CaCl,=CaCO,+2NaCl. 
This change was noticed in the case of the Harrowgate (Eng.) 
waters, which, after several years, were found to be saline 
rather than alkaline in character. 

In the third class Doctor Buck would include sulfuric acid 
only. He admits that such springs are rare. The Oak Or- 
chard springs (N. Y.) contain 13.37 grains of sulfuric acid to 
the pint, and the Rockbridge Alum (Va.) springs contain 2.34 
grains. 

In the fourth class he would include those like the Rock- 
bridge Alum, containing 3.01 grains alumina out of 5.80 solids 
per pint. There are some arsenical springs in France that con- 
tain .1 of a grain of white arsenic per pint. The Dentonian 
well, Ballston (N. Y.) has .95 grains arsenic per pint. 

The classification suggested by Walton“ is as follows: 


\ i Pure: 
I. Alkaline waters......... 2. Acidulous (carbonic acid.) 
/ . Muriated (chlorid of sodium.) 


Pure. 
Alkaline. 
TIodo-bromated. 


Alkaline. 
. Saline (chlorid of sodium.) 
Caicic. 


II. Saline waters: \ 
(Chlorid of sodium.) 


EE. Sulfur waters... s+. 


Pure. 

Alkaline. 

Saline (sodium chlorid.) 
Calcic. 

Aluminous. 


IV. Chalybeate waters.... 


~ aos m=~eop 


Epsom salts (sulfate of magnesia.) 
. Glauber’s salts (sulfate of soda.) 
Alkaline. 


Limestone (carbonate of lime.) 
Gypsum (sulfate of lime.) 


V. Purgative waters....... 


De wrk CRW Wh Whore op 


VES Calcionwaters. cose oa: 


Pure. 

Alkaline. 

. Saline (chlorid of sodium.) 
Sulfur. 

Calcic. 


VII. Thermal waters...... 4 


\ 


41, Mineral Springs of the United States and Canada. 
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Doctor Winslow Anderson” gives the following classification : 


98 
I. Acid mineral springs. | VIII. 
II, Alkaline mineral springs. I EX. 
III. Alum mineral springs. p. 
IV. Arsenical mineral springs. bia te 
V. Borax. XII. 
VI. Bromin. | XIII. 
VII. Calcareous, or earthy. | XIV. 


(Thermal. ) 


Prof. Schweitzer’s classification.” 


Ee Muriatic:. NaGl....3.o. see f 


II. Alkaline. Na, COsz........ § 


III. Sulfatic 


. Chalybeate Waters 


V. Sulfur Waters 


WN Woe Whe we Wht 


Carbonated. 
Chalybeate. 
Chlorinated. 

Todin. 

Magnesian. 

Siliceous. 

Sulfurous (Sulfureted.) 


+ also CaCl,, MgCl,, CaSO. 
+ MgCl,, CaSO. 
+ MgSO, CaSO. 


+ or—MgCoOsz. 
MgCoOs: only. 


Na.SOz. 
MgSO: 
FeSO:, Fc.(SOz)z, Al, (sub.) (SOz)z. 


+ MgCOsz, Na.COs. 
+ MgCOz, MgSO:. 
+ MgCO:, MgSOz, CaSO.. 


Sulfids only. 
Sulfids and sulf hydrates. 
H.S, sulfids + thio-compounds. 


Dr. Crook’s classification (based on A. C. Peales’s) : 


: ( Sulfated. 
TAI kaline ie yt tae ee oe ? Muriated. 
TT, Alkaline-saline ........-55... sane 
. ( Sulfated. 
Th Salniew- 42 shee ee ee 2 Muriated. 
( Alkaline. 
TVs Chaly beaters. aceon eee Sulfated. 
( Muriated. 

V. Neutral or indifferent. 


wit of 


The following simple grouping, based upon the predominant 
ions present, is suggested and followed in this work: 
I. Chlorid group, or those in which the chlorin ion (Cl) is 


the predominant one. 


II. Sulfate group, or that in which there is a predominance 


of the sulfate ion. 


41, Mineral Springs and Health Resorts of California, pp. 21-38. 
42, Geological Survey of Missouri, vol. III, Report on Mineral Waters, pp. 23-25. 
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III. The chlor-sulfate group, or waters which contain about 
equal amounts of the sulphate and the chlorin ion. 

IV. The carbonate group, or those in which the carbonate 
ions (CO;) are abundant. 

VY. The chlor-sulfo-carbonate group, or those containing con- 
siderable quantities of each of these ions. 

VI. The sulfid group, or those waters that give off hydrogen 
sulfid, and are commonly called sulfur waters. 

VII. The chalybeate or iron group. (This may also contain 
the few manganese waters.) 

VIII. The special group, or those waters containing some 
special substance, like lithium, borax, etc. 

IX. The soft water group, or those waters that contain only 
small quantities of any mineral substances. 


CHAPTER VIII. 


PROSPECTING AND BORING FOR MINERAL WATERS. 
BY W. R. CRANE. 


PROSPECTING. 


Prospecting for water strata resembles more closely the search 
for horizontal bedded mineral deposits and oil and gas hori- 
zons than for irregular and highly inclined bedded and veined 
deposits and mineralizations. 

As arule, a water-bearing horizon, such as a sandstone stra- 
tum, when once reached and pierced by a bore hole, draws to 
and feeds such an outlet until the supply has been exhausted, 
or, if the supply is inexhaustible and the hydraulic pressure is 
sufficient to hold and maintain a certain head in the pipe, it 
may, as in the case of an artesian well, even eject water to a 
considerable distance above the surface end of the outlet or 
pipe. 

A water well, artesian or otherwise, then, has about the same 
earmarks as an oil well, when considered from the standpoint 
of prospecting and boring, although, as water is much more 
abundant than oil, we should reasonably expect to experience 
much less difficulty in prospecting for the former. Then, too, 
in the subsequent operations of control and distribution a water 
well presents less serious and more readily solved problems. 
The intimate relation existing between gas and oil, as well as 
the comparative scarcity and therefore greater value of the 
same, is the main cause of the difference. 

It is common practice to seek low ground for the site of a 
well. For shallow wells, those which pass into or just through 
superficial deposits and accumulations, the reason is evident. 
Any other location would sacrifice the quantity of water ob- 
tained to convenience. 

When the deep-seated waters are sought, the location simply 

(100) 
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means more or less depth of formation to penetrate, and a con- 
sequent higher or lower initial cost of the well—the question of 
quantity and quality of water being entirely independent of the 
same. 

The location of a well for deep-seated waters will depend 
largely upon whether the artesian principle is desired or not. 
In such cases, synclinal basins and long stretches of country of 
moderate dip will furnish abundant hydraulic waters. In any 
case, especially in deep wells, hydraulic water is always desir- 
able, as it means just so many foot-pounds less of water to be 
raised by pump. It is, therefore, always desirable to take ad- 
vantage of any natural conditions which may exist in locating 
the site of a well. 

It is permissible to use all the information at hand that can 
be gathered, such as geological maps and sections, records of 
deep wells in the neighborhood, and, when possible, natural 
and artificial cuts. The later may only show the depth of su- 
perficial layers, but this may in itself be highly instructive. 

The probable quality and quantity of the waters that may be 
found are largely determinable from geological records, and, in 
fact, too great stress cannot be placed upon such sources of 
information. 

The effect of the formation upon the quality of the waters 
found therein can be readily illustrated by examining the geo- 
logical map of the state. (Plate I.) The eastern part of the 
state is made up of Lower and Upper Carboniferous strata, de- 
posited in salt water—brines are the rule. Passing to the west- 
ward, on the south and to a limited extent on the north, the 
effect of gypsum is distinctly felt; while to the westward on the 
north the waters occuring in the Cretaceous area are highly 
charged with lime, which is also true of the waters existing in 
the calcareous sand-beds of the Tertiary formations. 

Knowing then the geological relation of strata, together with 
the relative dip and thickness, it is by no means difficult to de- 
termine the quality of the water that may be found. 

Regarding the quantity, the relative extent and lay of the 
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porous beds, together with the amount of rainfall in the district 
in which they outcrop, will give us sufficient data for calcula- 
tion. 

In the case of prospecting for water, the opening made is em- 
ployed in extracting the water, 7. ¢., the prospect hole is a fin- 
ished well. 

DRILLS AND DRILLING. 

Drills. — Prospecting and drilling are accomplished by means 
of drills, of which there are three kinds, namely: The churn, 
the diamond, and the calyx. 

The Churn drill is a modification of the rod method of drill- 
ing largely employed in Europe. As used at the present time, 
in the United States, it goes by the name of the o7/-well or cable- 
tool system. Of the class there are a large number of forms, 
some self-contained, that is, mounted on trucks, being complete 
in themselves; while others have the derrick and power parts 
separate, constituting the so-called carpenter’s rig and engine. 
(Plate VII.) 

The Diamond drills have largely superseded the older methods 
of drilling in recent years, due to the ease and rapidity of drill- 
ing, and mainly on account of producing a complete record of 
strata passed through. (Plate VIII.) 

The Davis-Calyx drill is a comparatively recent production, 
but has proven itself so efficient and has surmounted so many 
obstacles, which even precluded the use of the diamond drill, 
that it has come quickly into favor. (Plate IX.) 

A complete record is also obtainable by this drill. The cut- 
ting is done, not by diamonds, but by steel teeth and chilled 
shot. 

Description of the Churn Drills.—The apparatus for the oil- 
well or so-called churn drill consists of a derrick ranging from 
fifty to seventy-five feet in height, which is built up of heavy 
timbers, or better still of planks, so placed as to produce an 
angle-construction for the corner posts. The corner posts are 
given a batter of an inch or so to the foot, and are held in po- 
sition by horizontal cross-girders, and are still further strength- 
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ened by diagonal braces. The derrick supports two sheaves at 
the top, one for the drill and the other for the sand-pump rope. 

Off to one side of the derrick, at a distance of sixty to seventy- 
five feet, is placed an engine, usually of the traction-engine 
type. From this engine a belt passes to a power- or drive- 
wheel, supported by a framework which also supports a reel 
employed in driving the sand-pump. 

To the derrick base on a suitable support is hung the walk- 
ing-beam, one end of which is connected by a pitman to the 
drive-wheel, while the other end is fastened to the rope, when 
drilling, by means of the temper-screw. On the opposite side of 
the derrick from the walking-beam is placed the bull-wheel, 
which is employed in raising and lowering the drill in the hole. 
When notin use, the sand-pump stands to one side within the der- 
rick ; when used, it is employed alternately with the drill—that 
is, after drilling for a certain length of time the drill is removed 
and the sand-pump lowered to remove the water and cuttings 
from the hole, and thus facilitate the drilling operations. Itis 
operated by a friction-wheel working on the rim of the power- 
wheel, which can be thrown on or off at will. 

The temper-screw consists of a split-nut fastened to the lower 
end of a steel frame, four feet six inches long, which is fastened 
to the walking-beam. In the split-nut a long steel screw op- 
erates. At the lower end of the frame is a clamp enclosing the 
split-nut, which, when tightened, forces the two parts of the 
nut together, making it in reality solid or like one piece. 
Screwing into the nut is a long, steel feed-screw, to the lower 
end of which is a ball-bearing swivel, linked to which is a 
clamp for holding the rope. A cross-brace is set-screwed to the 
feed-screw just above the swivel, by means of which the screw 
is fed through the nut, thereby lowering the drill in the hole, 
thus constituting the action of feeding. The object of the split- 
nut is to facilitate the setting back of the frame at the end of 
the feed; that is, by unclasping the split-nut the frame can be 
slipped down upon the feed-screw ; otherwise it would have to 
be screwed back, which would necessitate considerable time and 
consequent delay. 
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The drill part proper consists of several separate parts, and 
goes by the name of the string, or line of tools, and is about 
sixty-five feet in length. Beginning with the bit end, the parts 
are as follows: Bit, auger-stem, jars, sinker-bar, and rope- 
socket. A rope extends from the rope-socket to the bull-wheel, 
by way of the top or head sheave. The bit has several forms, 
which differ in shape with the purpose for which they are in- 
tended and the formation to be worked. There are two general 
forms, known as the cutter-bit, and the reamer. The cutter-bit 
is chisel-shaped, while the reamer is H-shaped, and is used to 
straighten up the hole from time to time. The auger-stem is 
a section of rod screwed to the bit to give sufficient weight for 
cutting. The jars are made up of two links, which slide one 
upon the other, and are fastened to the sinker-bar and auger- 
stem above and below. The object of the jars is to loosen the 
bit if it gets caught in the hole. The links slide one upon the 
other for a certain distance, thus allowing the upper part of the 
line of tools to acquire sufficient momentum to pick up the bit. 
Their action is especially useful in fissured ground, where the 
bit is lable to be caught by jamming in a fissure. The sinker- 
bar is also a section of rod, like the auger-stem, the purpose of 
which is to keep the rope taut. To the top of the sinker-bar is 
screwed the rope-socket, in which is inserted the rope. 

Method of Operation of Churn Drill.—When drilling begins the 
drill is lowered until the two parts of the jars meet; it is then 
raised until only four inches of clearance is left between links. 
The power-wheel is then turned until the pitman is at the top 
of the stroke; the walking-beam is then at the lowest part of 
its stroke. In this position the temper-screw is attached to the 
rope. From twenty to thirty feet of rope are then unwound by 
turning the bull-wheel, which loose rope is wound up in a 
large coil on the platform about the driller. 

Starting up the engine causes the walking-beam to move up 
and down, thus transmitting to the drill through the rope a 
chopping or reciprocating motion. As the hole is deepened the 
bit must be lowered, which is accomplished by unscrewing the 
temper-screw. The action of feeding also tends to turn the line 
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of tools, through friction in the swivel, which is of positive ad- 
vantage, as it keeps the hole round, but if it is continued in one 
direction to the end of the feed the rope will have become very 
much tangled. This is obviated by allowing the drill to turn 
while feeding for several revolutions, then reversing the direc- 
tion of the turning of the swivel, at the same time feeding as 
before. By making the same number of turns first in one di- 
rection and then in the other, the rope is kept free of twist and 
tangle. The strokes of the walking-beam range from thirty to 
forty-five per minute. Shifts change at noon and midnight. 
The sand-pump is geared up so that it can be raised at a high 
speed, with a minimum loss of time. Itis lowered by gravity. 

It is customary, at the beginning of operations, to sink the 
first 50 or 100 feet of the hole by driving the casing as a drive- 
pipe and sand-pumping the material from the inside. In con- 
nection with the driving of the casing, the line of tools, without 
the jars, may be employed. It is raised and dropped, thus 
loosening up the material at the bottom of the hole and facili- 
tating the driving of the casing. The walking-beam is not 
brought into use in this preliminary work, movement being 
given to the drill by a loop of rope passing over the crank upon 
the power-wheel and inclosing the drill rope, as it descends 
from the sheave above, at some distance above the bull-wheel. 
The bull-wheel, being held fast, causes the line of tools to rise 
as the rope is pulled from a straight line by the rotation of the 
power-wheel. The amount that the drill is raised will depend 
on the position of the crank upon the power-wheel ; 7. e., whether 
the radius is long or short. The operation of sinking the hole, 
until the full length of the line of tools can be employed, is 
known as spudding. A record is obtained by preserving the 
cuttings raised by the sand-pump, and when care is taken a 
very complete log is possible. 

Description of the Diamond Driil_—The diamond drill em- 
ployed in deep-well boring is provided with a hydraulic feed, 
which consists of a cylinder through which passes the hollow 
drill-rod. Enclosing the drill-rod is the so-called drive-rod, 
which in turn is enclosed by the piston-rod. To one end of the 
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piston-rod is attached the piston. The other end of the rod is 
fastened to the drive-head. The drive-head is provided with 
two sets of ball bearings, between which is a flanged collar se- 
curely fastened to the drive-rod. Any movement of the piston, 
caused by forcing water into one end of the cylinder and allow- 
ing it to escape from the other, will produce a similar movement 
in the drive-rod. Below the cylinder the drive-rod is provided 
with a clamp-head or chuck, by means of which it can be se- 
curely fastened to the drill-rod proper. Any movement of the 
piston will then be transmitted at once to the drill-rod. 

The feed is extremely sensitive and easily regulated, as it de- 
pends entirely upon the amount of water that is fed to the cyl- 
inder. The cylinder is fed by a force-pump. The feed may be 
employed not only in forcing the drill downwards against the 
bottom of the hole but also in lifting the rod. The rod may 
also be lifted by cable, which winds upon the drum driven by 
the actuating mechanism of the drill, and passes over the 
sheave placed on the derrick top erected above the drill. The 
upper section of the rod is provided with a flexible ball-bearing 
jetting connection, by which, through a hose, water is brought 
to and forced down the rod to the bottom of the hole, thence 
rising upwards bears with it the cuttings and sludge produced 
by the action of the drill on the formation worked. 

There is another method of feeding, namely, the ‘‘ differential- 
screw feed,’’ which is employed mainly on the smaller ma- 
chines, such as are used for comparatively shallow holes and 
underground work. 

The hydraulic feed is especially adapted to large-sized and 
deep wells. Itis heavy and, therefore, less convenient to move, 
but, due to the ease and rapidity of change of the feed, it is 
growing in favor. 

The rod is a strong iron or steel tube, with a small-sized hole 
to furnish free passage for the water to the bottom of the hole, 
and to allow a return current outside the rod and between the 
rod and the hole. 

The essential parts of the drill proper are at the bottom or 
lower end of the rod, and are, in the order in which they occur, 
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from the bit up, as follows: The bit, the core-lifter, the core- 
barrel. 

The bit is the part which contains the diamonds. The ar- 
rangement of the diamonds on the bit is quite varied, the main 
idea being to so place them as to cause their respective tracks 
or courses to lap, thus eveningly and uniformly wearing away 
the rock. It is common practice to provide grooves in the 
sides and edge of the bit to insure a more even flow of water 
for removing the cuttings from the bottom of the hole. The 
action of the diamond drill upon the rock is not cutting, but 
grinding—the diamonds being set so as to slide, and when 
forced down will drag out or grind a groove. The diamonds 
or stones used for drilling are borts (defective brilliants) and 
carbons (colored diamonds), and are obtained largely from 
South America. 

Above the bit is the core-lifter, of which there are two general 
forms, namely: The cossette and the split-ring. The cossette 
form consists of a series of spines, which are attached at the 
lower end around the inside of the body of the lifter. The core 
in rising, or the drill in passing downward, raises them in a 
vertical position, but when the operation is reversed, the drill- 
rod and lifter being raised, they catch in the sides of the core 
and prevent its withdrawal. The split-ring core-lifter is, as the 
name indicates, a split-ring which encloses the core. The ring 
is tapering and rests in a tapering recess, which is an enlarge- 
ment of the hole through the section of the rod which consti- 
tutes the body of the lifter. As the drill works its way 
downward the core rises through the core-lifter, pushing the 
split-ring in the upper and larger part of the tapering recess, 
thus allowing it to expand to its normal shape, and presenting 
practically no resistance to the passage of the core through it. 
When, however, the full length of the feed is reached, and it is 
desired to raise the core, the split-ring attached to the core is 
drawn downward into the narrowing recess by the raising of 
the drill-rod, and is consequently caused to tighten its grip on 
the core. To prevent slipping, the inner surface of the split- 
ring is provided with teeth, which point upward and inward. 


110 University Geological Survey of Kansas. 


These teeth will then set upon the core and hold it rigidly, al- 
lowing it to be broken off and raised to the surface. 

Next in order above the core-lifter is the core-barrel, which 
consists of a hollow rod, with the opening sufficiently large to 
allow the entrance of the core, and is as long as it is desirable 
to have the feed, which may range from two to ten feet. Occa- 
sionally, when especially friable and soft strata are worked, to 
prevent the breaking off and consequent wearing away of the 
core, an inner core-barrel is inserted, which is provided with 
ball bearings at the top and bottom ends. Into this inner 
casing the core is pushed, and by means of light springs it is 
supported and partially protected from the wash-water, the 
greater part of which passes on the outside of the inner casing. 
By this means complete records are often obtainable, which 
would otherwise be partially destroyed, the exact amount worn 
away not being known. 

Method of Operation of Diamond Drill.—The drill haying been 
seé up in the position desired, and a shallow opening or hole 
made, the proper length of the rod is added and lowered into 
the hole. Power is then turned on and the feeding begun; 
the full advance being made, the rod is raised and the core re- 
moved. This operation is repeated until the required depth is 
reached or reaming is necessary. After a certain advance has 
been made, another section of rod must be added. The char- 
acter of the cuttings is noted and the cores are preserved, 
which will constitute the log of the well. 

An increase or decrease of the water escaping from the hole 
furnishes important information as to the character of the water 
met. When hydraulic waters are met, it is quite often the case 
that no water need be fed to the rod, the hole being kept clean 
by the rising of such waters. In such instances the quality of 
the water is, of course, readily determinable. 

Description of the Calyx Drill—The large calyx drills are 
driven by horse or steam power. A light yet strong derrick is 
erected above the well, at the top of which a sheave is placed. 
From this sheave the drill-rod is suspended by block and tackle, 
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which is operated by a drum driven by the power turning the 
drill. (Plate IX.) The feed is thus regulated by the drum, 
while the turning of the rod is accomplished by a simple ar- 
rangement of belting and gears. (Plate X.) The jetting-head 
is provided with a ball-bearing swivel, thus allowing the rod to 
turn independent of the water connection and supporting at- 
tachment. The surface plant is thus markedly different from 
that of a diamond drill, which is largely necessitated by the size 
and weight of the rod. The size of the bore for deep holes 
ranges from 2 to 10 inches in diameter. As no diamonds are 
required, there is no reason for taking out small cores. 

The bit or cutter is a metallic shell, with peculiar teeth in 
one end, and a thread cut in the other for screwing into the 
core-barrel. 

The core-barrel is a tube, which is always larger in diameter 
than the drill-rods, but of the same outside diameter as the 
main body of the cutter. 

The drill-rods are tubes which screw into the upper end of 
the core-barrel by means of a reducing plug, and extend down- 
ward from the surface. 

The calyx is also a tube or series of tubes equal in diameter 
to the core-barrel. It surrounds the lower drill-rod, rests on 
the reducing plug, and is open at the upper end, thus leaving a 
space between the drill-rod and the inside of the calyx. The 
purpose of this space is explained further on. 

Method of Operation of Calyx Drill.—The principle involved 
in the calyx drill is to all intents and purposes the same as in 
the diamond drill. In the case of the former, however, drilling 
is accomplished by means of steel teeth, instead of with dia- 
monds. Here, too, the torsion of the drill-rod is brought into 
play, the teeth catching on the bottom of the hole, holding until 
by the torsion or twist of the rod sufficient energy is accumu- 
lated to overcome the bite. The instant that the surface strain 
exceeds the resistance of the turning below, the cutter tears 
loose, cutting fragments from the groove in which it rests. The 
strain being relieved, the cutter again comes to rest and is again 
torn from its bite. The repetition of these movements produces 
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an action which has been likened to that of a mallet and chisel 
in a stone-cutter’s hands. 

Water is forced down the rod, as in the diamond drill, through 
the core-barrel and out between the teeth of the bit or cutter, 
thence to the surface. The speed of the raising currents will 
vary with the area of the more or less constricted passage exist- 
ing between the hole and the drill parts. That part of the dis- 
tance in which the velocity of the rising currents is greatest is 
from the bottom of the hole to the top of the calyx tube—the 
space being small, beyond this upper point the cross-sectional 
area becomes suddenly enlarged, thus causing a decidedly rapid 
decrease in the velocity of the currents. The carrying power of 
the raising currents decreasing with the velocity causes a back- 
ward movement or settlement of. the materials in suspension, 
which, being unable to settle against the strong raising currents, 
are caught in the calyx tube, and that, too, in the order that 
they occupied in their original position in the strata. Two rec- 
ords are thus obtained—the core and the cuttings or ‘‘chip 
record.’’ 

By means of the calyx the hole is kept clear of sludge, the 
importance of which cannot be too strongly emphasized, not 
only from the standpoint of free and easy drilling, but also to 
prevent the ‘‘jamming in”’ of the drill by sludge. The core is 
removed, sections of rod added and water fed to the rod ina 
similar manner as is employed in the diamond drill. (Plate XI.) 

The speed of the tooth cutter is remarkable in the majority of 
rocks—many shales and sandstones being cut at the rate of 
three-fourths inch per revolution. With very hard rock, how- 
ever, it may be more economical to employ a diamond bit, and, 
when it is possible, that is, when the size of the hole will allow, 
such a bit may take the place of the cutter. With the larger 
sizes this interchange of bits is impossible, or rather impracti- 
cable, due to the excessive cost of the diamond bit. It is, there- 
fore, customary to use chilled shot, by the use of which very 
hard rock can be cut with comparative ease, and that, too, at a 
low cost. There are, however, some limitations to the chilled- 
shot process; first, it will not work well in soft, pasty rock; 
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and, second, it will not drill past crevices unless the crevice can 
be cemented, which in itself is expensive and delays the work. 
Again, some crevices are too large to cement, while others 
have streams running through them, thus precluding the idea 
of cementing. 

It is then evident that both the cutter and chilled-shot meth- 
ods are limited, but one will usually work where the other will 
not as arule. To illustrate, say that a very hard stratum of 
rock is struck while drilling with the cutter, the chilled-shot 
process can be substituted; again, if a crevice is met, change 
back to the cutter, which, although it may work slower, may 
be employed to cut past the objectionable point, cutting a new 
groove for the shot process again, or cementing may be re- 
sorted to. 

The chilled-shot process consists in using a blank bit; that 
is, one without teeth, but having a smooth or annular edge. 
This blank bit fits into the groove formed by the toothed bit or 
cutter. On the sides of the bit are grooves reaching to the 
lower edge. Through these grooves the chilled shot is fed to 
the bottom of the hole, and as it wears out and is lost, the sup- 
ply can be maintained. Pressure is given by the weight of the 
drill-rod above, which, combined with turning, rubs the shot 
into the rock and thus cut and scour it out, the wash water 
bearing away the loosened material. 


Casing Drill-holes.—Casing consists of placing a wooden or 
iron lining in the hole in order to maintain its sides. Wood 
is not used for lining deep-bore holes. Iron or steel are the 
only suitable materials, and at the same time are fairly inex- 
pensive. Casing is, as a rule, necessary as drilling proceeds, 
unless the hole is of moderate depth and the formations pierced 
are solid and will maintain their position until the hole is com- 
pleted. 

In the churn-drill process, there is, in some respects, greater 
necessity of casing the hole as soon as drilled; that is, keeping 
the casing a short distance above the bottom, because of the 
lashing and rubbing of the rope and line of tools against the 
sides, which causes them to crumble and cave in. The wash 
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water in the case of the diamond and calyx drills also tends to 
loosen the soft formation of the walls of the hole, but not to 
such an extent as does the rubbing of the rope in the churn-drill 
method. 

With the churn drill the hole is made sufficiently large to 
allow the placing of the casing without extra enlargement. 
The operation of casing is, in this case, then, quite simple—the 
casing can be driven from time to time without removing the 
line of tools. This is accomplished by raising the tools until 
the middle of the sinker-bar comes to the top of the casing; a 
driving block is then clamped to the bar, which, being raised 
and dropped will drive the casing down. Sections are added 
as needed until the full depth has been lined. When drilling 
is done by diamond or calyx drills, the hole must be reamed 
out to make room for the casing, provided casing is necessary 
during drilling operations. Reaming will then alternate with 
drilling. 

It is often necessary to shut off certain strata to pervent the 
contamination of the desired product, as when oil, gas and 
briny-water strata overlie the sheet of water which it is desired 
to open up. Such strata may be closed after the hole is com- 
pleted, but it is usually preferable to close the same as soon as 
possible after penetration. Quicksand strata must be closed at 
once, or further work of drilling will be interfered with, and 
there will also be the risk of a cave-in. 

It was formerly necessary to remove the hit and core-barrel 
and substitute for them a reamer, but within the last few years 
a reamer has been devised by means of which drilling and 
reaming may be carried on simultaneously, thus allowing the 
casing to be placed and driven from time to time independent 
of drilling operations. The driving of the casing is accom- 
plished in this case by an improvised pile driver, the rod being 
removed during the operation. 

When it is especially desirable to close the strata as soon as 
passed through it may be done by a new device lately brought 
into practical use, which is intended, however, for shallow 
work only, as working gravel beds and superficial coverings. 
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The casing is driven continuously and at the same rate that 
drilling is carried on, thus maintaining the same distance be- 
tween the bit and the bottom of the casing. This is accom- 
plished by a driving block, which is attached to the cable or a 
rod connecting with the line of tools. The weight of the tools 
drives the casing. 

As the wells discussed in this report are under 1500 feet in 
depth many of the difficulties encountered in drilling holes up 
into the thousands of feet are not experienced; then, too, the 
formations met with are with a few possible exceptions easily 
worked with all forms of drilling devices. 

In several localities, especially in the southeastern portion of 
the state, a very hard limestone, commonly called ‘‘bastard 
rock,’’ is found, but by far the most difficult formation to drill 
is the cherty formation of Galena, which is not only very hard 
but is in most parts fissured. Diamond drills cannot con- 
veniently be employed in such rock, and churn drills are fre- 
quently troubled by the catching of the tools. The calyx drill, 
using both the cutter and chilled shot, together with cement- 
ing, can readily cope with such conditions. 

The self-contained forms of churn drills are largely used for 
the drilling of wells and for prospecting purposes, especially in 
prospecting for oil, gas, and coal. 

Opening Up and Clearing Out Wells—When a well has been 
sunk to the stratum in which water is known or believed to 
occur and nothing is found, or it is obtained in such small 
quantities as to be of no special value, it is usual to try opening 
up the bottom of the hole. This is accomplished by firing off a 
charge of explosive, usually nitroglycerin, which has been 
lowered to the desired point. A cavity is then formed or the 
formation is greatly disturbed and fissured, thus producing a 
large area of fissured and broken rock through which the water 
can readily pass to the hole. The same method of procedure is 
often followed with a well which has been yielding a sufficient 
supply but begins to fall off or ceases altogether. 

It is not uncommon, however, to bring about results exactly 
the reverse of what is expected, namely, the entire cutting off 
of the supply. Several cases are on record where very good 
wells have been rendered worthless by such a process of open- 
ing up or clearing out. 


CHAPTER IX. 


ARTIFICIAL MINERAL WATERS AND CARBONATED 
BEVERAGES. 

Although attempts were made very early to imitate natural 
mineral waters, but little progress was made until after the dis- 
covery of carbon dioxid by Doctor Black in 1757 and its analy- 
sis by the French chemist, Lavoisier. It was, however, to 
Priestley, the English chemist, that we must give the credit of 
first proposing, in 1772, to impregnate ordinary water with car- 
bon-dioxid gas, and in accordance with this suggestion pre- 
scriptions were published in 1774 for the artificial production 
of Seltzers and other carbonated waters. From Liebig’s analy- 
sis of the Friedricksaller an artificial water was easily prepared. 

Prof. Torbern Olof Bergman, a Swedish chemist, did much 
to introduce the use of artificial mineral water. As he had 
been greatly benefited by the use of mineral waters obtained 
from Germany, and as at some times of the year it was difficult 
to obtain them, he analyzed the waters and compounded artifi- 
cial imitations with great success. He saturated water with 
carbonic ‘‘aerial’’ acid gas, and added to this the required 
quantity of mineral salts. He probably used the ‘‘agitator”’ 
devised by the French Duke de Chaulnes in the process of car- 
bonating. 

The Seltzer waters were made in 1787 on a large scale by 
Meyer, at Stettin, Germany. Paul erected a factory for the 
same purpose in Paris in 1799. In Great Britain a patent for 
impregnating water with carbon-dioxid gas was taken out in 
1807, and a similar patent was taken out in Charleston, 
S. C., in 1810. Doctor Struve, in 1815, in the city of Dres- 
den, began the manufacture of artificial mineral waters, ex- 
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actly imitating those found in nature, and the same physician 
introduced these waters into medical use. More recently this 
business has been greatly extended all over the world, and at 
present imitations of all the famous natural mineral waters are 
prepared in the laboratory. Indeed, after a study of the com- 
position of a particular water, the bottler prepares a similar 
beverage, which is not identical, however, because certain sub- 
stances, considered of no use, are left out in compounding. 

By the use of carbon dioxid it is possible to hold in solution 
mineral substances which would otherwise be precipitated as 
soon as the water is exposed to the air. This is especially true 
of the compounds of manganese, iron, calcium, and magnesium. 
It is probable that the carbonic-acid gas is of service also in dis- 
placing the air, and so preventing oxidation and sometimes de- 
terioration of the waters. 

The manufacturer of the artificial mineral water uses, as far 
as possible, ingredients which will, when added to water and 
carbonated, give constituents similar to those in the natural 
water. These chemical salts must be of such a character that 
they will not be incompatible or precipitate each other. The 
recently precipitated hydroxids or carbonates are much more 
soluble than the ordinary dry salts, and, in the process of com- 
pounding, groups of substances in solution are added in a defi- 
nite order. Some substances, such as citric acid or sodium 
pyrophosphate, are often added as ‘‘ preservatives’’ of these arti- 
ficial waters, the object being especially to keep iron in solution. 


THE MANUFACTURE OF CARBON-DIOXID GAS. 


Since the time of Priestley, who, in 1772, made an apparatus 
for the production of ‘‘ fixed air,’’ as he called it, from a mix- 
ture of chalk and ‘‘oil of vitriol,” to the present time, a great 
deal of ingenuity has been expended on apparatus for this pur- 
pose.** Historically considered, the following types of appa- 
ratus have been introduced : 

The Geneva or Semi-continuous System.—This is the old form 
of generator used in Europe. The gas was generated in a 
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wooden cylinder, passed into a gasometer or storage tank, then 
by means of a force-pump into a strong cylinder containing 
water and provided with an agitator. By this plan, after one 
‘‘batch’’ of gas was used the apparatus had to be cleaned out. 

The Continuous System.—In this ‘‘direct-action’’ process, as 
it is called, the gas is generated in a leaden vessel, just enough 
acid being brought in contact with the carbonate, usually mixed 
with water, to generate the gas. Then the gas is washed 
through water and allowed to expand in a ‘‘gasometer.’’ The 
‘*soda-water machine’’ proper consists of a force-pump, which 
pumps, at the same time, water and gas into a strong cylinder, 
provided with an agitator to assist in the solution of the gas 
in the water. 


The Intermitrent System.—By this plan the gas is dissolved in 
water by the pressure produced in the generator from the chem- 
ical action of the acid on the carbonate, without the aid of a 
pump or gasometer. Of course, the greater the pressure the 
more gas the water will dissolve. In order to make the appa- 
ratus continuous, it is only necessary to have several generators, 
two at least, so that the material in one apparatus may be re- 
newed while the other is in use. There are often pumps at- 
tached to the apparatus as used in the United States, for filling 
the cylinders with water. The generators may be so arranged. 
as to be horizontal and acid-feeding, or vertical and carbenate- 
feeding. 

The Liquid Carbonic-acid System.—This is the most recent, and 
bids fair to supplant all the other systems in localities easily 
reached by transportion. The liquefied gas, made by one of the 
processes mentioned below, is pumped into strong wrought-iron 
cylinders about four feet long by five inches in diameter. These 
cylinders are tested to stand four times the pressure that they 
ordinarily bear, and hold about twenty pounds of the liquified 
gas. This represents about 1100 gallons of gas at ordinary at- 
mospheric pressure, and will charge from 200 to 300 gallons of 
water, according to the pressure desired. As this gas can be 
purchased at twelve cents or less per pound, it it is evident that, 
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considering the convenience to the manufacturer and dealer, 
and because it makes it unnecessary to run a somewhat cumber- 
some machine, the liquefied gas will be extensively used. Even 
large wholesale bottlers buy the gas in preference to making it. 


MATERIALS USED IN THE MANUFACTURE OF CARBON-DIOXID GAS. 


In order to make this gas, a carbonate—as sodium carbon- 
ate (Na,CO,), sodium bicarbonate.(NaHCO,), or marble dust 
(CaCO,)—is used, together with an acid, as sulfuric (H,SO,), 
or hydrochloric (HCl). The cheapest carbonate and the cheap- 
est acid would be selected, other things being equal. The chem- 
ist represents the reaction by CaCO,+H,SO,=CaSO,+H,0+ 
CO,. Water and calcium sulfate are left in the generator after 
the chemical action is over. The carbon-dioxid gas might also 
be made by the simple combustion of charcoal or coke, but this 
gas is not very readily purified. Another method of making is 
by simply heating limestone; thus, CaCO,+heat—Ca0O+CQ,. 
The calcium oxid left can be utilized as quicklime. 

Another and recent source of the gas is from the vats in which 
beer is fermenting. By the process of malting some of the 
starch of the grain is changed into a kind of sugar and this fer- 
ments readily with yeast, the products being alcohol and car- 
bon-dioxid gas. The carbon-dioxid gas is pumped off and 
‘condensed to a liquid by pressure. The gas obtained in this 
way must be thoroughly washed and purified before being used. 
In fact, a process of washing is necessary to purify the gas in 
whatever way it is made. Sometimes washing with simple 
water is sufficient, and in other cases more thorough washing 
through chemical solutions is necessary. This gas finds many 
uses in the arts. In England it is used instead of yeast in the 
manufacture of ‘‘aerated bread.’’ 


PROPERTIES OF CARBON DIOXID. 


This gas is much heavier than air, will extinguish a fire, and 
is not poisonous. As stated above, it may be condensed to a 
liquid, and when some of this liquid is allowed to escape into 
the air it vaporizes so rapidly that it takes heat from the sur- 
rounding gas and converts it into a snow-white solid. This 
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solid is so cold that it will freeze mercury readily, if brought into 
contact with it. As noticed above, the carbon-dioxid gas is very 
soluble in water, and, as the pressure is increased, the colder 
the water the more is dissolved. 


METHODS OF USING THE LIQUEFIED CARBON-DIOXID GAS. 


There are numerous ‘‘carbonators’’ on the market for use with 
the liquified gas. The principle on which they work is as fol- 
lows: The cylinder containing the liquified gas is attached to 
a pressure gauge and to the carbonator by means of heavy 
block-tin pipés. The gas is led into an agitator, where it 
passes through the water, and then into a cylinder, where it is 
sprayed with the incoming water. It is important that all air 
in the apparatus be allowed to escape. A pump is used to run 
the agitator and at the same time to pump water into the mix- 
ing cylinder. By means of an automatic arrangement the 
pump is stopped whenever the water rises to a fixed height in 
the mixer, and starts again when the liquid has been drawn off 
below a certain level. The pressure of the charged water can 
be regulated at will, so that the machine thus furnishes a con- 
tinuous supply of carbonated water. 

As the liquefied gas cools the cylinders rapidly when it escapes, 
so, in order to prevent a stoppage of the valves by freezing, some 
manufacturers pass the gas through a steam-jacketed tube to 
warm it, while others attach several ‘‘drums’’ to one carbon- 
ator at the same time, so that the gas shall not expand so rap- 
idly in any one of them as to cause inconvenience. 

The liquefied gas is also used in small steel capsules, known 
as ‘‘sparklets,’’ for carbonating mineral water and other bever- 
ages. The capsules are closed with a thin steel cap which, 
when placed in position in a syphon apparatus, may be punc- 
tured by a steel needle, allowing the gas to come in contact 
with the water. 

This gas is of great use in the carbonating of natural mineral 
waters, so as to keep in solution mineral substances that would 
otherwise separate out when standing, and also to improve the 
taste of a water by the additional flavor and effervescence of 
the gas. 
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CARBONATED AND SACCHARINE BEVERAGES. 


The manufacture of soda-water, pop, ginger ale, sarsaparilla 
and such beverages is so closely related to that of artificial 
mineral water that it should be discussed in this connection. 

It is important that the water used be of good quality, but 
there is reason to believe that some manufacturers are careless 
in this respect. The effect of great pressure, lack of oxygen 
and the presence of carbon dioxid in the water, on the microbes 
that might exist there, has received considerable study. Doctor 
Leone, who examined the water-supply of Munich, showed by 
a series of experiments that, in a sample of carbonated wa- 
ter, the number of microbes diminished in fifteen days from 
186 to 20. He further showed that this decrease in num- 
bers was not due to deficiency of oxygen, nor to great pressure, 
but to the presence of carbon dioxid in the water. This would 
seem to indicate, then, that in the use of ordinary carbonated 
beverages the consumer is, to some extent, protected from the 
micro-organisms which are present in impure water. 

In addition to the water and the carbon dioxid-gas, the bot- 
tler uses some or all of the following substances, each of which 
should be of good quality and standard strength : 

1. Sweetening material: Cane sugar, if used for this pur- 
pose, should be pure, and free from ‘‘bluing’’ or glucose. 
Glucose or grape sugar is often used. This has only about 
three-fourths the sweetening power of cane sugar. It is made 
by the action of sulfuric acid on starch and the subsequent neu- 
tralizing of the solution with marble dust. Competent chemists 
and physicians have pronounced it, if carefully made, a whole- 
some sweetening material, but it renders the beverages very 
liable to fermentation. Honey may be used for sweetening, 
but, on account of its market value, it is very liable to adultera- 
tion. Saccharin (C,H,CO SO, NH), which is not a sugar at all 
but a sweet substance made in the laboratory from coal-tar, is 
a remarkable product which is coming into yery extensive use. 
Cane sugar can scarcely be detected by the sense of taste in a 
solution that contains 1 part in 250 parts of water, but sac- 
charin can be detected in a solution containing but 1 part in 


BalILry. | Artificial Mineral Waters. 125 


70,000 parts of water. It is not usually considered injurious to 
the human system, though there are some who hold an opposite 
opinion. It is something of an antiseptic, and does not ferment 
like sugars. . 

2. Fruit syrups made from genuine fruits are used. These 
may be made from fermented or unfermented juices, and are 
sometimes ‘‘animated’’ by the addition of a little artificial fruit 
essence. 

3. Compound syrups have the most extended use and are 
made from a great variety of organic ethers and other substances. 

4. In many of these preparations coloring matters, made 
from organic dyestuffs or aniline colors, are employed. 

5. Essential oils and extracts of vegetable origin in great va- 
riety are used for flavoring. 

The manufacturer of these beverages, in bottling, simply al- 
lows a measured quantity of the flavored and prepared syrup to 
flow, by means of a block tin pipe, into the bottle placed in the 
bottling-machine, and it is then immediately filled with the car- 
bonated water, under pressure of perhaps eighty pounds to the 
square inch, and is closely corked. 


GEOLOGICAL MAP OF KANSAS, 
Showing the position of Springs and Wells. 
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By W. R. Crane. 


PART II. 


THE MINERAL WATERS OF KANSAS, 
ARRANGED AND CLASSIFIED, WITH ANALYSES. 


Waters from the springs and wells referred to in Part II of this 
_ report are classified as follows: 
I.—The Chlorid Group. 
II.— The Sulfate Group. 
II1.— The Chlor-sulfate Group. 
IV.—The Carbonate Group. 
V.— The Chlor-carbonate Group. 
VI.—The Sulfid Group. 
VII.—The Chalybeate Group. 
VIII.—The Special Group. 
LX.— The Soft-water Group. 


See methods of classification, p. 98. 


As has been previously stated, it is not possible to make a sharp 
and perfect classification of the waters, as the ingredients vary in 
quality and quantity, so that, while in most cases there is no doubt 
where a water should be classified, there are some waters that belong 
with equal propriety to two or possibly three groups. In some cases, 
therefore, a water is mentioned in several groups, but the description 
of locality, analysis, etc., is given only once, in what appears to be its 
most proper location. When it occurs in other lists it is bracketed, 
RUE Ce a acs i 


CHAPTER X. 


THE CHLORID GROUP. 

Waters of this class are generally called ‘‘brines,’’ although 
many of them do not contain a sufficient quantity of sodium 
chlorid to be workable for salt, or they contain too many for- 
eign ingredients to be of use. 

The chlorid waters are obtained from the solution of the salts 
that have been left after the drying up of some ancient ocean. 
It is said that they show their relation to the ancient seas rather 
than the modern, because they contain calcium chlorid or sul- 
fate, as well as chlorids of the alkalies and magnesium chlorid, 
salts which are present in modern sea water. Waters of this 
class are frequently called ‘‘saline,’’ from the abundance of 
common salt which they contain, although some have objected 
to this term as a misnomer, since all mineral waters contain 
‘salts’? in the ordinary chemical acceptation of the term. 

Since the ocean is the great storehouse of bromids and iodids, 
we find that these waters often contain both these ingredi- 
ents. We look here also for waters rich inmagnesium. Waters 
of the chlorid group have found their most important use for 
bathing purposes, although, diluted with soft water, they may 
be used internally. Some waters that are classified here as 
brines are already diluted in nature, and as such may be used 
internally. 

This group is represented by the following waters : 

Abilene, Dickinson county, artesian well. 

Arkansas City, Cowley county. 

Atchison, A. B. C. laundry well. 

Atchison, Becker’s well. 

Atchison, diamond drill prospect well. 

Eureka, Greenwood county. 
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Fay, Russell county. 

Fredonia, Wilson county. 

Geuda Springs, Cowley county. 
Independence, Montgomery county, Brom-magnesian well. 
Lawrence, Douglas county, artesian well. 
Leavenworth, ‘‘Ocean Spray.’’ 

Marion, Marion county, lower vein. 
Mound City, Linn county. 

Mound Valley, Labette county. 
Overbrook, Osage county, No. 2 well. 
Rosedale, Johnson county, Geyser well. 
Saint Paul, Neosho county. 


Abilene Artesian Well, Dickinson County. 


In the fall of 1901 the Abilene Oil and Gas Company drilled 
a five-inch well, or prospect hole, 1260 feet in depth. A pipe 
twenty feet long extended above the surface of the ground, and 
the water rises in the well and overflows this pipe. It was pro- 
posed to drive the boring still deeper, but on account of the dis- 
covery of such an abundant salt-water supply, the work has 
been stopped for the present. The water is nearly clear, and 
has a salt and astringent taste. The reaction is strongly acid, 
and upon being heated the water becomes yellow from the pres- 
ence of iron chlorid, and gives off free hydrochloric-acid gas. 
The analysis is as follows: 


ABILENE ARTESIAN WELL. 
Grams per liter. 


IONS. RADICALS, 

SYerapiysONEW on os pa aa soos 56.4721 | Sodium oxid (Na2O)......... 76.1080 
IPOfassLUII IO) seer eee trace | Potassium oxid (Ks0)........ trace 
Calonimni(Cia ee pees nee creas 8.6709 | Calcium oxid (CaO)......... 12.1340 
Magnesium (Mg)............ 2.7264 | Magnesium oxid (MgOQ)...... 4.5840 
fron j(He) ye eerie eter -O80L=t lronoxid {EF 6O)ac see eaeeee . 1030 
Manganese (Mn)............ trace | Manganese oxid (MnO)...... trace 
@hiloring(@])\ eee eteeen eee 110-2785 =" Chorin: (Cla a7 oa eee 110.2785 
IBrominw sry eta eee 261525) Bromimi( Brie ee eee ee -Dlo2 
HOGING ED ee ea ee eee 20065 5) Lodging (as oe <2 eee were ee .0063 
Sulfuric acid ion (SQ4)....... .1249 | Sulfuric anhydrid (SOs)...... .1040 
Silicic acid ion (SiOs)........ .0114 | Silicic anhydrid (SiOz)....... .0090 
Hivdrogendoniee .a. eee trace | Oxygen equivalent .......... 24.9853 

Potaligec. one nee 178.8567 
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Hypothetically combined as follows: 


Grams Grains 
per liter, per gallon. 
Sodiumuchioridi (NaCl) ava.. .eae cs 142.9970 8352 . 454 
Sodium bromics¢Nabr) saeco. ac. .6633 38.743 
Sodium iodid (NaI)........... woes 0074 - 432 
Potassium sulfate (KoSQu.).............. trace trace 
@alenumchiorid\(CaG@ls). a. 0. nce. ee 23.9070 1396 .408 
Calcium sulfate (CaSOu)............... .1768 10.326 
Magnesium chlorid (MgClz)............ 10.8870 635.910 
ironvehlonid (B'eC@ls)\cnn sac. suteece oreo . 2092 12.219 
Manganese chlorid (MnClz)............. trace trace 
SICA SIOs hia eee te ert, Tey reer res .0090 .526 
ANNE Rore s cat eee eee a ek 178 . 8567 10447.018 


Specific gravity, 1.112. 
Analysis by E. H. S. Bailey and F. B. Porter. 


Arkansas City Well. 


This well is located on the farm of Rheinhold Hess, southeast 
of the city. It is bored to a depth of 250 feet, the last part 
through a loose gravel and rock. The water is used for bath- 
ing and drinking purposes. Arkansas City is on the line of the 
Frisco, Santa Fe and the Missouri Pacific railroads. 


IMPROVEMENTS. 


The proprietor has built here a small bath-house, in which 
hot, cold, shower and vapor baths are given. Water escapes 
‘continually from the well. In order to get large quantities it 
is necessary to use a pump. Considerable gas is given off from 
the water when it is first drawn. 

The composition of the water is as follows: 


Grams per liter. 


IONS. RADICALS, 

Soapuma(QNia)sese see 13.1735 | Sodium oxid (NazO) .:........ 17.7349 
@alonainn(C a )peees seein .8060 | Calcium oxid (CaO).......... 4284 
Magnesium (Mg)............. .2581 | Magnesium oxid (MgO)....... .4302 
AM IncMie (AL) S pre oeiowe cee ee .0141 | Aluminum oxid (Alz03)....... .0266 
Siltaric acid ion (SOs) tee so. 6220 | Chlorim (Che. asa esas 18.7740 
Silicic acid ion (SiOs)......... .2671 | Sulfuric anhydrid (SOs3)....... 3.1230 

Silicic anhydrid (SiO2)........ .2118 

Less oxygen equivalent....... 4 2497 


RO tal Ares wanting ieee 36.4862 
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Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Calcrum sulfate (CasOge-.. ee eee 1.0414 60 .8282 
Magnesium sulfate (MgSOu)............. 1.2916 75.4423 
Sodium sulfate (NasSOx) ....... okt ios 2.9298 171.1290 
Sodiumtchloridi(Na@l\terecc eee ere 30.9850 1809 .8339 
HN prado CSW PLO)5 selva Rome einenthayes mud eld ae .0266 1.5534 
SiliGa: (SiOo eae ee ees ose eee Sree .2118 12-3712 
LOtalS act. Ai bots Serene ees 36.4862 2131.1589 


Analysis by E. H.S. Bailey. 


Atchison County Mineral Waters. 


In a paper read before the Kansas Academy of Science,* Prof. 
K. B. Knerr says: ‘‘The drift in Atchison county is quite uni- 
form in structure, being a heavy compact clay for the most 
part, with but little sand and gravel intermixed. Water will 
pass through it very slowly; hence the wells dug into it are 
deep, as a rule, usually from forty to sixty feet in depth, and 
the water generally stands quite low, though about three feet 
of water may generally be counted upon in the dryest months. 
Such wells at these seasons may easily be pumped dry, but in 
the course of several hours the water will collect to the depth 
of a foot or two again. Analysis of this drift water presents 
nothing of unusual interest. 

‘‘There are numerous springs in Atchison county. Where 
these issue from the limestone they are of interest only as fur- 
nishing good, cool drinking water. Several such springs occur 
within the city limits of Atchison and have always supplied 
the neighborhoods in the vicinity with water.’’ 


The A. B. C. Laundry Well, Atchison. 


This is an example of a comparatively shallow well yielding 
salt water, for the depth is only sixty-three feet. Wells 200 
feet in depth in this locality generally yield salt water. As an 
example of water from the deepest well, attention is called to 
the diamond-drill prospect boring. 


44, Trans. Kans, Acad. Sci., vol. LV, p. 88. 
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This water has the following composition : 


A. B. C, LAUNDRY WELL, 


Grams per Liter. 


IONS, RADICALS, 

Stora bien (NIGH =. JeacGanoe on Hae .4827 | Sodium oxid (Na2O)............ .6506 
Potassium (K)................. trace | Potassium sulfate (K2SO,)..... trace 
Oaloiumea(Ca\ ies ac scan. wie: .0340 | Calcium oxid (CaO)........... .0475 
Mapnesinm(Mip)rcx osccce sen. 4 .0067 | Magnesium oxid (MgO)........ .0110 
I befor antl SUE Ng Sy mice, sent ete ee aS ACPA || I lioyar opal O) sence gnu baer .0296 
Chiorina(Chiieeo. Bae coe cea HELO (Chaieyatonl(GQlUy koe bon apne oced .7450 
Sulfuric acid ion (SQ4)....6.... .0219 | Sulfuric anhydrid (SOg)........ .0182 
Silicic acid ion (SiOs).:........ .0558 | Silicic anhydrid (SiOs)......... 0447 
Water of combination (H2O)... .0235 

Carbonic anhydrid (CO:)...... .1152 

Oxygen equivalent ............ .1676 

LO bE ley tantra cn ee eae 1.5177 


Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon, 
Sodium chioridi(NaG@ligewce. cen nss. ess 1.2278 71.7158 
Potassium sulfate (K2SQu,)................ trace trace 
Calcium sulfate (CaSOa...--cs<e5 eee .0310 1.8107 
Calcium bicarbonate (CaHo(COs)2)........ . L005 5.8702 
Magnesium bicarbonate (MgH2(COs)2).... .0404 2.3598 
Tron bicarbonate (FeH2(COs)s)............ .0733 4.2814 
SUGAR SIO) teers econ einer arene aie .0447 2.6109 
EROUALS Peete eee alc iota he toca tae te Hota re 88.6488 


Analysis by E. B. Knerr, 


Atchison Diamond Drill Prospect Boring. 


In the summer of 1900 a well 1553 feet in depth, penetrating 
into the Mississippian limestone for the last thirty-eight feet, 
was bored at Atchison, for the purpose of investigating the coal 
seams beneath the city. The total cost of this well was about 
$4700, which amount was mostly raised by public subscription. 
The drill, which brought up a 2-inch core, penetrated in all 
fourteen feet and five inches of coal, a 36-inch seam being found 
at a depth of 1123 feet, and a 28-inch seam being found at a 
depth of 1188 feet. Samples of water were taken at different 
depths, and all proved to be brines. The analysis of the water 
taken at the greatest depth, which, of course, would be more or 
less a mixture of all the different streams which found their 
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way into the well, is given herewith. A complete report made 
by A. E. Langworthy® of the boring and log of the well has 
been preserved, and the core is deposited with the Geological 


Department of the University. 
The analysis is as follows: 


ATCHISON DIAMOND DRILL PROSPECT BORING. 


Grams per liter. 


IONS, RADICALS. 

SSOCLIATIIN IN ch) eee ler cn ae ere a 9.8016 | Sodium oxid (Na2O)........... 13.1937 
POLARSIN RAN IS) ee oe eee trace | Potassium oxid (K2O)......... trace 
Calenim(@ajs fs. a. 6 mses: .5699 | Calcium oxid (CaO).......-.-. . 7846 
Magnesium (Mg)............. 1231 | Magnesium oxid (MgO)....... .2058 
AT Onur eee OGLE.) TronroxigaH GUY eee eee .0795 
ChiorinKC hen amen ee reer 1520660 We Cinlorin (oa nee 15.0660 
TSG PEEP We et ee ee ee trace’ | chodin (ieee ee ee trace 
Sulfuric acid ion (SQx)........ .0188 | Sulfuric anhydrid (SOs)....... .0157 
Silicic acid ion (SiO3).......... .3060 | Silicic anhydrid (SiOz)........ .2812 
Nitric acid ion (NO3).......... trace | Nitric anhydrid (N2Os)........ trace 
Carbonic anhydrid (COz)...... 1.7658 

Water of combination (H20).. .3623 

Oxygen equivalent ........... 3.4052 

Totals ce ces oo eee ete 28 .3494 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon, 
Sociuna caloridi(N3 © lie sae 24.8550 1451.780 
Socuimriodia (Nal 2. cease ae ee ee ee trace trace 
Potassiuna nitrate (icNOs. .47e 2 ee trace trace 
Calcium sulfate (CaSOz) ................ .0266 1.554 
Calcium bicarbonate (CaH2(COs)2) ...... 2.2388 130.768 
Magnesium bicarbonate (MgH2(COz)2)... -7518 43.912 
Iron bicarbonate (FeH.(CO3;).).......... . 1960 11.448 
Silica (Si@sye pee ee ee eee .2812 16.424 
Totalaet, tacoma eee 28.3494 1655 .886 


Analysis by E. H. S, Bailey and F. B. Porter. 


Becker’s Mineral Well, Atchison. 


In the western part of the city, in the valley of the White Clay, 
on West Main street, a well 125 feet deep has been drilled on 
the property of Peter Becker. When first drawn the water is 
surcharged with carbon-dioxid gas and is perfectly clear, but 


45, Trans. Kans, Acad. Sci., vol. XVII, pp, 45-52. 
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after standing a while the gas escapes and the water becomes 
turbid on account of the deposition of iron hydrate. 


IMPROVEMENTS. 


The improvements on this property are convenient bath- 
rooms, supplied with the usual facilities for taking hot and cold 
saline baths. 

BECKER’S WELL, 


Grams per liter. 


IONS. RADICALS, 
MOUTUMI CN Ge ade toe no 10.1000 | Sodium oxid (NaO).......... 13.614€ 
PotagsiuMmale) sae an nee .0360 | Potassium oxid (K20)......... 0485 
Ammonium: (NH: >..20505..5. .0200 | Ammoniumhydroxid(NHsOH) — .0288 
CRIOLUE Gale see oes tke .4200 | Calcium oxid (CaO).......... .5880 
Niagnesinin: (Mo) 22. sivsre os. .3100 | Magnesium oxid (MgQ)....... .5164 
A Brey aa SM 2) Vict re ean ge ec R040 Mel Tronco xi se) mee ie ewe reins .0540 
Chlorine (Gieremcsiieeen ocak e S75000u(s Chilorineg(Clitmrrnca ce eerto. 15.5500 
Sulfuric acid ion (SO,4)........ 1.1088 | Sulfuric anhydrid (SOs)....... .9240 
Phosphate ion (PO,).......... .0241 | Phosphoric anhydrid (P20;)... .0180 
Silicic acid ion (SiOs)......... NOLQS ele Silica (SiOs\iq ea eceeuctaceeraeeh .0180 
Carbonic anhydrid (COs)..... 1.2254 
Water of combination (H20).. 2528 
Oxygen equivalent ........... 3.5035 
MO taligacn re San eee 29 .3300 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
iPotassmimaulfate de, SO pass ornate 0804 4.6835 
Sodimmesultaten(Na. SO) ccs a sets eee 0425 2.4813 
Sodium phosphate (Na, HPO,)............... .0060 2.1000 
Sodramechlorias(NaG@l) eee aaa tee 25 .6264 1495 .0000 
Ammonium sulfate NE 7) sOO))..s0e02-6 a4 0- .0730 4.2580 
Calcumrsulfatex(CasOuecqnuat neem. .t-. eae 1.3920 81.1950 
Calcium bicarbonate (CaH,(CO,).)........... .0431 2.5142 
Magnesium bicarbonate (MgH.(CO,).)....... 1.8851 109.9600 
Tron bicarbonate (FeH,(CO,)2)........:....-- 1335 7.7870 
Silicati(SiO geen eee cows care eee hoes aral .0180 1.0498 
Ota ls eter ate tare ede on eens: 29.3300 1711. 0288 


Specific gravity, 1.02007; temperature, 14° C. (57° F.) 
Analysis by E. B. Knerr, *® 


46, Trans. Kans. Acad. Sci., vol, XV, p. 89. 
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Fourth Avenue Hotel, Eureka. 


Bath-house Hotel, Geuda Springs. 
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Eureka Mineral Well. 


In 1887 a well 140 feet deep was bored in Eureka, Greenwood 
county. Ata depth of thirty-six feet rock was struck, and the 
boring was continued through this for 100 feet, till an abun- 
dance of water was found. The water was for several years 
quite extensively used for bathing and drinking. 


IMPROVEMENTS. 


The well is situated on the grounds of the Fourth Aveuue 
hotel, opposite and directly north of the court-house. Bath- 
rooms are provided, with modern improvements. The property 
was originally developed by A. P. Cogswell, was later owned 
by Dr. S. J. Carpenter, and has now passed into other hands. 
The hotel has accommodations for perhaps twenty guests, but 
the mineral water is not used extensively at the present time. 

Eureka is the county-seat of Greenwood county, and is on the 
A. T. & 8. F. and the Mo. Pac. railroads. 


EUREKA MINERAL WELL #7 


Grams per liter. 


IONS, RADICALS. 
Potassmm(iG)s 54-1050. Eyate ee {0091S IP Botassnuman (iO) en ese .0833 
Pe SOCUUBIAUNE I esc eie ORS fect ee 2.6955) (Sodium oxid (Nia. ©)ma- ee 3.6369 
Calermnn(@a eens er eee. ool Calcium oxdi(CaO)\a,.. 2... . 3626 
Magnesium (Mg)... .2..4..:..; .1101 | Magnesium oxid (MgO)........ 1835 
Lingocay (AWG ee 2 tet ee, Glen ere POO0Sm mironsoxias(Ble@) ce a. nea 0011 
ANT CAN so at ee dt wo .0009 | Aluminum oxid (Al,O,)....... .OO1LT 
rb (Garret ee ee eee a Pe SOLO me Eorsig (Cll) seme a: ear ee 4.3919 
Sica) sored 83 WS ea eee Aen ee ere FOOQOL) MBroming (sree 4. eseue ne see . 0004 
ToGiaGili erat. ee ee are ce LOOGMes e Pocia es (Utne. een cess en cena: .0001 
Sulfuric acid ion (SQ,)......... 4.5801 | Sulfuric anhydrid (SO,;)....... 4834 
Phosphoric acid ion (PO4)..... .0006 | Phosphoric anhydrid (P.O;)... .0003 
Borieacid tons(BOsee. 2... eae trace | Boric anhydrid(B,O,)......... trace 
Nitric acid ion (NOs3)........... trace | Nitric anhydrid (N,O,)........ trace 
Silicic acid ion (SiOs).......... AOUGEE || TSHR (SMO 5 oo adanuacomerg gensieo 6 0137 
Oreanic mater, cases gaoen ss. trace | Carbonic anhydrid (CO,)...... .2158 
Water of combination (H,O)... .0409 
Oxygen equivalent............ .9913 
MONIES spay nln sea eas cet ig 8.4243 


47. Trans. Kans. Acad. Sci., vol. XII, pp. 28, 29. 
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Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon. 

Potassium sulfate (K2SO,)..........--.. 1272 7.4297 
Sodrumichlorid (NaC lees. aac core 6.8631 400 .8736 
Sodium bicarbonate (NaH2(COs)2) ....... trace trace 
Sodium nitrate (NaN@s)...-.--.-+--+-- -- trace trace 
Sodium bromiai(Naisn) ee sect ese ee .0005 .0292 
Sodium: todid (Na lipases ace oes eee .0001 .0058 
Sodium phosphate (NaHPOs).......... “0006 .0351 
Calcium sulfate (CaSO sss... ess osee- PAS. 42 2012 
Calcium bicarbonate (CaH,(CO,).)...... .1883 10.9986 
Magnesium chlorid (MgCl,)............. .3107 18.1480 
Magnesium bicarbonate (MgH.(CO,),).. .1924 11.2382 
Iron bicarbonate (FeH,(CO,).).......... 0035 2044 
Av arrnvin a (A ©) eee ee eee ree .0017 .0993 
Silica SiO) ar. soe ee eh ee eee .0137 . 8002 
ED OUALS See ta ee ee eee 8.42438 492 .0633 


Analysis by E. H.S. Bailey. 


Fay, Russell County. 


An artesian well on farm of C. H. Kellogg, called’‘‘Artesian 
Ranch,’’ at Fay, was drilled in 1894 to a depth of 121 feet. It 
is located on southeast quarter of section 14, township 12, range 
15 west, Paradise township. The flow is said to be 1000 bar- 
rels in twenty-four hours, and the water has a pressure of fifteen 
pounds per square inch. The water has not been advertised, 
but has a local reputation as a valuable medicinal agent. 

The following is the composition : 


FAY ARTESIAN WELL. 


Grams per liter. 


IONS, RADICALS. 


Sodium: (Na)iess coe Ae 4.921 | Sodium oxid (NasO)........... 6.627 
Potassitmy(1s) ence een ae .039 | Potassium oxid (K20).......... .048 
Walcimme(Ca)\i ee ene sil Calcrmoxid(Ca@)ecene eee oe . 240 
Magnesium (Mg).............. .282 | Magnesium oxid (MgOQ)........ .470 
@hiloring(Cl\ eee eee en Gav42al @hiorinn(Cl\= se =e eee 6.742 
Sulfuric acid ion(SO4)......... 2.068 | Sulfuric anhydrid (SOs)........ Lee? 
Carbonic anhydrid (COs) ...... 297 

Total eae eta tack eee. 16.146 


Temperature, 13.3° C, (56° F.) ; specific gravity, 1.0109. 
Analysis by G. H. Failyer. 
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Hudson Well, Fredonia. 


This gas-well is four miles south and one mile west of Fre- 
donia. The depth is 1175 feet, and the salt water comes in 
at a depth of 400 feet. The flow is estimated at five barrels 
per hour. Gas was first struck at a depth of 325 feet, and a 
second and stronger stratum at a depth of 1150 feet. Oil was 
also struck at a depth of 1100 feet, in sufficient quantity to 
pump. 

HUDSON WELL, FREDONIA, 


Grams per liter, 


IONS. | RADICALS, 

Dodi (Naso. seas cree 2.7907 | Sodium oxid (Na,O).......... 37.4788 
Calerumit@as se crinccs. cs aed 1.4246 | Calcium oxid:(Ca®)...... 2... 2.0147 
Magnesium (Mg)............. 2.8443 | Magnesium oxid (MgO)....... 4.7398 
LirG nthe) Veer cats eee L056 1 Troncoxic (heO) ema eae .0722 
ChiloniniGl isn y Famass os AOC285 Ole CH loninn((Cil)yeretnee oer eae 53.6533 
Bromin) (BL)ees ares seek se AGO || Bivermlist (Bid\in adeeuswaoccoeaas .0790 
Hocdany (Lk. eau ieee vee LOOS4a Lod ins (Epes ee cre .0084 
Sulfuric acid ion (SOu,)........ .0397 | Sulfuric anhydrid (SOs) ...... .0314 
Silicic acid ion (SiOs)......... .0550 | Silicic anhydrid (SiO,)........ 0434 
Carbonic andhyrid (CO,)..... . 1097 

Water: (ELZO) i veemicsre ecient: 0224 

Oxygen equivalent.......:... 12.1307 

POtalenica a. secoe eee 86.1224 


Hypothetically combined as follows : 


Grams Grains 
per liter. per gallon. 
Sodnim Ch lorids(NaClireccsdacwe eee 70.5133 4118.6819 
Sodium bromid“(Na Br) ars. wetwes occa .1016 5.9344 
Sodium iodidu(INa Lier. sees .OL06 .6191 
Sodium bicarbonate (NaHCOs)......... .0414 2.4181 
Calcinumichiloriadl(Ca Clays sacs 45 ae 3.9461 230.4918 
Calcium sulfate (CaSQu.)................ .0533 3.1132 
Magnesium chlorid (MgCl,)............ 11.2346 656.2130 
Iron bicarbonate (FeH,(COs).)..........  .1781 10.4029 
Silica Si Ol) etn etal Na a Fe 0434 2.5349 
Totals: cco esan 26.51 pe rere 86.1224 5030 . 4093 


Analysis by E. H. S. Bailey and H. E. Davies. 


48. Trans. Kans. Acad. Sci., vol. XV, pp. 86, 87. 
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The Seven Springs, Geuda Spriogs. 


Lake above Geuda Springs. 
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Geuda Springs. 

In the south-central part of the state, on the line between 
Cowley and Sumner counties, is situated a remarkable group 
of springs that has been known since the earliest settlement of 
the state. These springs may be easily reached from Arkansas 
City, seven miles, by a branch of the St. Louis & San Fran- 
cisco railroad. The town is only eight miles from the undulat- 
ing plains of Indian Territory. It is about a mile from the 
Arkansas river, near its confluence with Slate creek. In the 
vicinity, especially to the north, there are numerous salt springs, 
so that many of the streams are quite saline in character. A 
small lake something more than a half-mile long and from five 
to ten rods wide, in the bed of the creek, was for some time 
used for boating and fishing. This lake was some years ago 
artificially improved and enlarged by placing a dam across the 
creek, making a body of water covering probably fifty acres, the 
largest salt lake in the state or in the vicinity. On the shores 
of the lake the salt is crystallized out, and glistens in the sun- 
light like newly fallen snow. The name ‘‘Geuda’”’ is said to 
come from the Indian word ‘‘Ge-u-da,’’ meaning healing springs, 
and it is believed that this locality was a favorite camping- 
ground with the aborigines. 


IMPROVEMENTS. 


In the year 1886 and for a year or two following, many im- 
provements were made about the town and springs by the 
Geuda Springs Town and Water Company. A commodious 
bath-house and hotel combined was built, capable of accommo- 
dating forty guests. The dam for the lake was raised, ap- 
proaches to the springs were improved, drives were laid out, 
and trees planted. More recently, other improvements have 
been made, and it is proposed to connect the town with Ar- 
kansas City by an electric road. 

The owners are building an addition to the bottling works 
and are putting in a gasoline-engine for pumping, etc., so that 
now the capacity of the plant is fifty cases of fifty bottles each 
per day. They also make lemon sour, ginger ale, and other 
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Salt Lake, Geuda Springs, 
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carbonated beverages, which are shipped to points in Kansas 
and adjacent states. 

On the high land west of the springs a beautiful and far- 
extending view of the vicinity may be obtained, with the village, 
hotels and stream in the foreground, and in the background 
the valley of the Arkansas, fading away toward the rich grazing 
lands of the Territory. The mineral springs at the north end 
of the principal street are unique in their situation and their 
properties. They are located in a space not more than twenty- 
five by thirty-two feet in area, and afford, at all times of the 
year, an abundant supply of clear water. The flow of each 
spring is from 100 to 450 gallons per hour. The waters are 
all brought above the surface by means of large earthen pipes 
cemented to the rock below, and the overflow is brought out in 
a series of parallel pipes, as shown in the cut, into a common 
waste-pipe which carries away quite a stream from the combined 
waters. The composition of the water, with the temperature 
and specitic gravity, is given below. 

Something over two years ago a dam with flume outlet was 
built across the ‘‘salt’’ depression directly north of the springs, 
and this caused the whole of the salt marsh to be covered with 
water, besides backing the water up the creek about two miles, 
and up the north arm of Salt marsh about three-quarters of a 
mile. This gives excellent boating for about three-quarters of 
a mile north and over one and one-quarter miles west from the 
boat-house. The lake, which, with its arms, covers about fifty 
acres, in dry seasons becomes quite salty, but the west arm, 
being a areek, in time of high water flows into the main body 
of the lake and over the dam, thus leaving mostly fresh water 
in the lake. This lake presents quite an attraction for boating 
and bathing. It has also been well stocked with fish. 
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Hotel Geuda. 


Central Hotel and Bath-house, Geuda Springs. 


BalLey. | 


Mineral Waters. 


Geuda Springs No. 1. 


Grams per liter. 


Analysis by E, H. 8. Bailey and E. C, Franklin. 


10—vii 


IONS. RADICALS, 
Sodiuma(Na)mesode estes ce econ 6.9452 | Sodium oxid (Na2O).......... 
BOGASSEIITIN (IS) epee rien ieee eye 0163 | Potassium oxid (K2O)......... 
DBithiume(bier, ea wee trace | Lithium oxid (LizO)......:... 
Waloiuina(@a) grag cee oe 1202308 Galciumoxid’(GaO) se... 4.5... 
Magnesium: (Me), 06... cc0. 4. .1599 | Magnesium oxid (MgO)....... 
LEONE (HG) Wecemeta cs ects cot oc ors AOLONE |) Ahyarnosatel (MON) on soosasaneee 
TOMI WEA cet crs. sree se .0006 | Aluminum oxid (Al2Os3)....... 
Chloning Gls saeeer ce oes IOevises |) Clabes (OM. o sone coeedéon anos 
Bromini US hike se capa wen. Go ees CO0SR PE romint (Si; eeee see eee 
Logins er teeta. ces cen on traces Loding(l)isam.niaccaste scar oe steer 
Sulfuric acid ion (So4) ..:..... 2.8121 | Sulfuric anhydrid (SOs)....... 
Phosphoric acid ion (PO,)..... .0003 | Phosphoric anhydrid (P2Q;5)... 
Nitric acid ion (NOs).......... | .0051 | Nitric anhydrid (NoO;)........ 
Boric’acia- ion (B07)... <>... .0021 | Boric anhydrid (BsOs)........ 
Silicie acid ion (SiQs)......... 0131 | Silicic anhydrid (SiO2)........ 

Carbonic anhydrid (COz2)...... 
Waters (EHoO) tate. or acacime ese 
Oxygen equivalent ........... 
Mo taltienngewerecteserncmecaer 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
podiumechlionridu(NaG@l)<. 2 ..ccee was sane 17.6793 1032.64.79 
Sodium phosphate (NagPOj)............ .0004 .0237 
Sodium bromid (NaBr)........ Seek Renan ar .0004 .0237 
Soap ocidsINAL) pe. ni seta oe cla cross trace trace 
Sodimm mitrate (NaNOs)).. ss2 .<..,2- 0555 .0066 . 3860 
Sodium bicarbonate (NaHCOs)......... 0071 .4155 
Sodium biborate (Na2BsO7)............. .0029 . 1693 
Potassium sulfate (KoSO,).............. 0364 2.1261 
ithiumchlorid (Cl). 2... 6206. oeveses trace trace 
Calcrumeisnitaten(CaSO) ..0s5e-. ea a- se 3.4233 199.9549 
Calcium bicarbonate (CaHo(COs)s)...... .0653 3.8141 
Magnesium sulfate (MgSO;)............ 4383 25.6011 
Magnesium chlorid (MgClz) ............ . 2836 16.5650 
Tron bicarbonate (FeH2(COs)2)........-. .0013 .0759 
Alumina CAI Ogre at ete ail cisate calareteas ore .0011 .0642 
SilrCaa(Si Oa lie ee oeee eta cote ae cloe eu gi eee .0104 6074 
Orcanicnm aivoleens janie sate Sa snes trace trace 
Ro talls eee ee ee ee see meds 21.9564 1282 .4733 
Free carbon dioxid ............. 34.956 cu. in. 
Free hydrogen sulfid............ IROLS se upet. 
Speciileteravity. ease = 1.018 
MamperaAvune>-teer ens ae te lo ieee Or (EBPs Aa) 
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Geuda Springs. 
No. 2. No. 3. 
Grams Grains Grams Grains 
c iter. | gallon liter. | gallon. 

Sodium chlorid (NaCl)............... 18.1122 | 1057.9336 | 13.9865 816.9514 
Sodium phosphate (Na3PQO;)......... 0004 } .0233 -0004 | .0233 
Sodiunt bromid) (Na brj--. sees eee .0004 .0233 -0004 | .0233 
Sodium 1odid (NAL. ose eciee trace trace trace trace 
Sodium nitrate (NaNOs)............. .0070 .4088 -0031 | .1810 
Sodium bicarbonate (NaHCOs)....... .0055 .3215 .0077 .4500 
Sodium biborate (Na2BsO;).........-. .0029 . L691 .0029 . 1692 
Potassium sulfate (KeSOz)........... 0289 | 1.6880 .0327 1.9100 
Lithiimyeblorid (biG i. eee ee trace trace trace trace 
Calcium sulfate (CaSQ;)............. 3.5107 | 205.0599 | 2.8734 | 167.8075 
Calcium bicarbonate (CaH2(CQOs3)z)... 1013 5.9169 . 1028 | 6.0045 
Magnesium sulfate (MgSQ:)......... 4157 | 4.2810 4893 | 28.5800 
Magnesium chlorid (MgClz).......... 3424 19.9995 1717 |} 10.0289 
Iron bicarbonate (FeH2(COsz)2)...... 0030 .1752 .0013 | .0759 
Afoming (A103) 9.2250 05 gecy soe lave 0003 Lick eae a 
Silica (SiOs ee woe secs See ee 0148 . 8650 0140 | .8172 
Organic matter. secre eee eee ae trace trace trace | trace 
Sodium’ sulfid:(NaHG)\se tryin, nthe on | ecto: see Eee eee (ps Sere 

‘Totalieet scar ee en oe eee 22.5455 | 1316.8826 | 17.6862 | 1033.0510 
Hreeicarbonidioxid (Ci. t.)\ereees ee ai) oie OO a er eee 18.917 | See eos 
Specilic Pravit Vern ocean eee ae DROIGE Wee ee Fey oeee 1.012 | eee al 
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Geuda Springs. 


No, 4. No. 5. No. 6. No. 7. 
Grams Grains Grams Grains Grams Grains Grams Grains 
per per per per per per per per 
liter. gallon, liter. gallon. liter, ‘*rallon, liter. gallon. 


11.5186 |672.8014 | 6.1397 | 358.6198 | 7.4112 | 432.8882 | 8.6460 | 505.0128 


.0005 .0292 .0007 .0408 0004 .0233 .0014 .0818 
trace ET COM [om cccrerons sakes earseote eee eccenc al), tale, arcines «Vcc aaron ches Steuer tatss| eaclaceere atzxe|ll end ebatehe, «6 
trace GBR Gi er arer Soot der ond ak co cot Mca nech |e, da leva waliochars cay eMcaede |EAGhS chOmahe fo) fe cetera ee SRC © 
BC Cette aac see 0005 0292 0006 .0354 0006 0350 
0119 6950 0084 4906 .0053 3095 0103 6016 
0015 0876 0022 1285 .0022 1285 0043 2510 
0327 | 1.9100 0142 8294 .0093 5432 0082 4789 
trace trace trace trace trace trace trace trace 


2.7145 | 158.5539 | 2.5010 | 146.0834 | 2.5247 | 147.4677 | 2.7466 | 100.4289 
-1176 | 6.8694 . 1832 10.7007 .2144 12.5231 0946 8.9255 
.4569 | 26.6875 4284 25 .0228 .4189 24.4679 .3921 | 22.9025 
.1354 | 7.9087 . 1449 8.4636 0850 4.9648 . 1658 9.6843 


.0010 0584 .0007 .0408 .0010 .0584 .0015 .0874 
.0158 . 9228 .0002 KOMT GA eee etete ai\| ste erenions .0002 .O116 
0136 7943 0136 7943 0126 7359 0137 8010 
trace trace trace trace trace trace trace trace 
Be Ses ce Sts lS A NEED kote Me ark Chey eee Dh 0110 SOA 2M Rena creme Wise emir ets 


15.0200 |877.2182 | 9.4877 | 551.2555 | 10.6966 | 624.7884 | 12.0853 | 705.9023 


DE a 61 Oo ot PE es 6 QSOS | ciara. ocateaies 22 LOB A Ileays eerie ei, 2o O40), Necro sec e1s 
OID seen rnc 1 (00}3) al Weenee cere OOD fee aet. ere ROOST a erste seis 


Analyses by E. H. S. Bailey and E. C. Franklin. 
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View East from Bridge, Geuda Springs. 


Sanitarium at Independence. 
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Bromo-magnesium Well, Independence. 


In 1884 a well 1100 feet deep was bored in the northern part 
of Independence, Montgomery county, The tube extends 400 
feet from the surface, and a pipe used for drawing the water ex- 
tends several hundred feet further into the well. The well is 
artesian in character, as a small stream flows from it most of 
the time. Independence is on the lines of the A. T. & S. F. 
and the Missouri Pacific railroads. 


IMPROVEMENTS. 


A sanitarium and bath hotel have been erected here, with 
seven bath-rooms, and facilities for using brine either directly or 
mixed with fresh water. The water is raised to the surface by 
windmill power. As will be noticed by the analysis which is 
given below, the well is interesting as containing a compara- 
tively large quantity of bromids. It was the first water of this 
kind discovered in this region. Others have been found re- 
cently to contain bromids and iodids. A comparison of this 
water with some other well-known waters will be of interest : 


Fabian, Hawthorne, Congress, Dead Bromo-mag- 


Nays Saratoga. Saratoga. Sea. nesium well. 
Sodium bromid (NaBr).... 4.655 1.534 8.559 156.53 eyed 
Sodium iodid (KI)......... BIS) .198 138 trace 082 


Comparing this well with the water of the Atlantic ocean, it 
is seen to be somewhat similar in composition, though the In- 
dependence water contains a larger quantity of calcium salts, 
twice as much magnesium, more sodium iodid, and nearly one- 
half as much sodium bromid. The mineral strength of this 
water is about twice as great as ocean water, as may be seen 
from the following analysis: 
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BROMO-MAGNESIUM WELL, INDEPENDENCE. 


Grams per liter. 


150 
IONS, 

Sodium (Nay tk cctaceccrertsee: 23.4678 
IRotassiumi(i) tee aaa ate . 1060 
Calcium (Can. noes eee = 2.7620 
Magnesium (Mg)........... irae, = beta 0)85; 
Tronw(Bie)s oct site eect oe 0090 
Atma UI. (AN) erates trace 
Chiorin' (Cl) eee tee ee 45.0811 
Brominy( br) seo eee ree . 1826 
Todins (I) ieseere porn eens .0013 
Sulfuric acid ion (SQ4)........ 12099 
Silicic acid ion (SiOs)......... .0251 


RADICALS, 
Sodium oxid (Na2O) 
Potassium oxid (K20)......... 
Calcigm: oxid (CaO), eros 
Magnesium oxid (MgO)....... 
Tron oxid (FeO) 
Aluminum oxid (AlzOz)....... 
Chiorit(Ch. ee eee 
‘Brom (Bt) pence eee eee 
KOON ee te nee eeene ee cee 
Sulfuric anhydrid (SOs;)....... 
Silicic anhydrid (SiQz)........ 
Organieimattorigcns coca 
Carbonic anhydrid (COs) 
Water: (EsO\; sac, eetieeeee 
Oxygen equivalent............ 


31.6278 
1279 
3.8710 
2.5159 
LLG 
trace 
45.0811 
. 1826 
.0013 
.1995 
.0198 
trace 
.2998 
.0610 
10.1993 


73.8001 


Grams Grains 
per liter per gallon. 
SodinmechlordaiNa © lene ter ee rare 59.4476 3472 .433 
Sodium bromid (NaBr)........ es Se .2351 13.733 
rea linima Teer! (NB Ds nouacsussaenuesaco: .0016 .093 
Potassium sulfate (K2SOy)............... 2361 S93 
Calciumehlorid)(CaCle\se-oe- 2 see 7.1872 419.806 
Calciumisulfatel(CaSO)a eee 1551 9.061 
Calcium bicarbonate (CaH2(COs)2)....... .5236 30.586 
Magnesium chlorid (MgClz).............. 5.9651 348 .323 
Tron bicarbonate (FeH2(COs)2)........... 0289 1.684 
AMINE VNIKOR) cenaconcencs ca craansoc (eee) * trace 
Silicag(SiOa eaten tem snrats eee eo eee 0198 EIST 
Organic-niattor sansa wena eres trace trace 
Totalace cnt occ oe ee 73.8001 4310.669 
S peciticronayilyasse nse ee 1.052 
Temperature serie oe eee 16.6° C. (62° F.) 


Analysis by E. H.S. Bailey. 
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Lawrence, Douglas County, Artesian Well. 


Several years ago a well was bored on the bank of the Kaw 
river, northeast of the Santa Fe railroad depot, for the purpose 
of testing the underlying strata. After it reached the depth of 
about 1400 feet, the boring was abandoned. A small stream of 
salt water continually runs from this well. This water is used 
locally with good results for rheumatism, etc. This water has 
the following composition : 


LAWRENCE ARTESIAN WELL. 


Grams per liter. 


IONS. RADICALS, 

Sodium (Na ves ccene cana suck ¢ 452608 Sodium: (Nas®) scenes sean 5.6898 
@alquama(@ale cassette nc 2.7924 | Calcium oxid (CaO).......... 3.9144 
Magnesium (Mg) ...........0: 6.3096 | Magnesium oxid (MgO)....... 10.5160 
rons (He) a fate gern ioe San Sal ORME || Uborsop-dtel WHO). ona we vaou.aace .0619 
(Chlorine (Cl) 5 nyt sree ce ROC Eaew || (Claillerata(l\ og .comscudes sane 30.0656 
PSEOUNING ST) sees hee ee ore aie oe braces) broming(St)s.. nem aaaerene trace 
Silicice acid ion (SiOs)......... | .1076 | Silicic anhydrid (SiOe)....... * 0852 
Carbonic anhydrid (COz)..... 0757 

Wiateri(ESO\T aoc snc cee. .0154 

Oxygen equivalent ........... 6.7945 

Dota pene wes vee stadt ree 43.6295 


Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon. 

Sodrameeniorid (Na Gl) tes syase eis c 10.7147 625.845 
Sodium promidt(NabBr)ccscsseernck see se trace trace 
@aletm ehlorid. (Cals)... acne cree. Geom? 452.748 
Magnesium chlorid (MgClz)............. 24.9254 1455 .893 
Tron bicarbonate (FeH2(COs)2)........... 1530 8.937 
Silica (SiOz)...... tae oeS apc ea eee .0852 4.976 
Mo fala eee ee etn ce ieee 43 .6295 2548 . 400 

Temperatures: os..c.2s 5 aes 18.5° C. (65.5° F.) 


Specific gravity 
Analysis by E. Bartow and H. M. Thompson. 
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Leavenworth Natatorium, Leavenworth County. 


A natatorium has been established on Third street and Met- 
ropolitan avenue, near the United States military reservation, 
by the Home-Riverside Coal-mining Company, to utilize the 
waters from their mines. These mines are about 750 feet deep, 
and the salt water or ‘‘ocean spray’’ is pumped from this depth. 
The pump for this water has a two-inch discharge and is run 
from four to six hours per day, to pump the water into cisterns, 
and from thence to the natatorium. 

The building is 41 x 100 feet, with dressing-rooms 15 x 40 feet 
and 6x 100 feet. There is a swimming pool 30x75 feet, with 
a depth of from 2 to 7 feet. This place is operated more as a 
resort than for medical or cleansing purposes. There is such 
an abundance of water as to admit of a continuous flow through 
the pool. This natatorium is in operation during the summer 
months, and last season served about 6000 people. 


‘“‘QCEAN SPRAY’’ (MINE WATER), HOME-RIVERSIDE COAL-MINING 
COMPANY, LEAVENWORTH. 


Grams 
IONS. per liter. 
Soli mas Nis ree eck. cies oi a ee > i ole ene eee 9.2962 
Caleiwmis (Calin AiR eP Ae scsi eG ioc ciche eee ere ee ene .5412 
Magnesium (Nig te toe Seis cnn ney ee eee ere eee oe .2315 
H Unto) og oN 2) Verges acne re ti teh PR eM A 9 ga AE An .0084 
Chloris ia. tes te een eee ee eee re ibewewal 
Sulfuricvaciations(SO.) meses one eee eee .0362 
Sivonen venaliol (SiO')) cacoe dace Govo aneaoncocusacacusse- .0548 
Hypothetically combined as follows: 
Grams Grains 
per liter, per gallon. 
Sodium chloridiGNaG ls eee eee ROUGE: 1378 .86 
Calcimyehloridi(CaCls\: = a eee eee ion (ss: 68.66 
Calcium bicarbonate (CaH2(COs)s)........ .3386 19.78 
Magnesium chlorid (MgCly).............. .8793 51.36 
Magnesium sulfate (MgSQ.).............. .0453 2.65 
Iron bicarbonate (FeH2(COs)s)............ .0267 LO 
Silica (SiQs screws yen aero ers 0426 2.49 
Totalsate aoas.seehe een ee eons 1525 .36 


Analysis by O. F. Stafford. 
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Marion Mineral Well. 

The city of Marion and vicinity is rich in springs, some of 
which are strongly impregnated with mineral matter. The city 
is on the line of the A. T. & S. F. railway, and also on the 
©. R. I. & P. In the northern part of the city, three blocks 
from the Elgin hotel, a commodious three-story stone build- 
ing was erected, and used as a sanitarium and bath-house. 
This was formerly managed in connection with a deep well. 
This well is about fifty feet from Luta creek, one of the streams 
that unite to form the Cottonwood river, just below the city. 
The well was drilled as a prospect hole, and is 175 feet deep, 
and has connected with it two pumps, one taking the water 
from a depth of fifty feet, at a point just above the rock, and the 
other taking the water from a point twenty-five feet above the 
bottom. Both waters contain hydrogen sulfid (H.S) when first 
drawn. ‘The upper water is utilized for drinking and the other 
for bathing purposes. The analysis given below shows an im- 
portant difference between these two waters. The upper water 
is a Saline water while the lower is a concentrated brine stronger 
even than sea water. For analysis of upper vein, see chap- 
ter XII. 

4\ARION WELL (LOWER VEIN). 


Grams per liter. 


IONS. RADICALS. 
SoahumatNale.sasee cee seer ee elo) a podium: Oxide (Nas); seeeeaci 31.6871 
Galena) sre cate ci -9898s | Caleiumiyoxid’a(Ca@)aananssee 1.3858 
Macnesium (Moyo 2.220 2.5... .4663 | Magnesium oxid (MgO)....... ae? 
omstheye tee 7. tite, ates FOOS (al) LronvOxiGa (EO Oman aan .0038 
Chilorini@ly eee eles chain 35; L232 Chioring(Cl)ent ere eon’ BoleRy 
Sulfuric acid ion (SO4)......-. 8.3932 | Sulfuric anhydrid (SO3).. ... 6.9946 
Silican(SiOo)n eee ee a POIs ale silics: (SiOs)peee er cta see oe .0128 
Organie matter. 22. 2. Ss.. 6... trace | Carbonic anhydrid (COz).....  .0046 

Waters (His@\isette eee nee .0009 
Oxygen equivalent........... 7.4854 
otal pnw tec sk 66 .5046 


Analysis by E. H. §. Bailey. 


48, Trans. Kan. Acad. Sci., vol. XII, p. 26. 
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Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Sodium sulfate (NasSOz)...........----. 6.1427 358.7951 
Sodimm chlorid (Na@))oo.... as. eee -- 54.6433 3191 .6851 
Calcnim sulfate (CaSOgs- 22. asec ores 3.3648 196 .5379 
Magnesium sulfate (MgSOz)............. 2.3316 136.1887 
Tron bicarbonate (FeH2(COs)2)........... .0094 .5491 
Silica (SiOaiisness ses se aoe Oa eee ee .9128 - 7476 
‘Potala eee cecscb tele tet ae eae 2... 66.5046 3884 .5035 


Mound City Well, Linn County. 
No. 1. 

There is a salt well on the property of Doctor Trego, at Mound 
City. This well, which is 340 feet deep, was bored with an eight- 
inch drill. The brine comes into the well at a depth of 210 feet, 
and is forced out at the top of the well by the gas which accom- 
panies it. Since 1886, when the well was bored as a prospect 
hole, the water has been flowing at the rate of about forty gallons 
per hour. The brine is used locally for medicinal purposes. This 
water yields 1020 grains of mineral matter to the gallon, upon 
evaporation. Of this, 1000 grains is common salt. The reac- 
tion of the water is slightly alkaline. Besides the salt, it con- 
tains small quantities of sodium carbonate, calcium carbonate, 
and magnesium carbonate, as well as traces of sulfates, bromids, 
and iodids. 

No. 2. 

Another salt well, about 400 feet from No. 1, on the property 
of Robert Fleming, has been recently bored, to the depth of 144 
feet, and it has about the same flow as the former. This, as 
well as the former well, showed thirty-five pounds per square 
inch of gas pressure. The water is a brine, not as salt as No. 1, 
however. It contains 719 grains of mineral matter per gallon, 
and of this, 686 grains is common salt. The other ingredients 
are carbonates of iron, calcium, magnesium, and sodium, rather 
more in proportion than No. 1. 
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Mound Valley, Labette County, Salt Well. 


At Mound Valley is a salt well 600 feet deep, the water from 
‘ which was formerly used in a health home near by, which was 
built to utilize the water. As it has not been extensively ad- 
vertised, its use does not extend beyond the immediate vicinity. 
The water gushes out of the top of the well with sufficient force 
so that it can be piped to the hotel. The home is pleasantly 
situated a short distance east of the village, and the latter is 
easily accessible by two lines of railroad. It has been proposed 
to utilize the gas that comes up with the water for heating pur- 
poses. There are other gas wells in the vicinity which yield gas 
for local consumption, but the pressure is not very great. 


Overbrook, Osage County, Well. 
ATCHISON WELL. 

There is a well two and one-half miles northwest of the town 
on the farm of John Atchison. The water has been recom- 
mended by some of the local physicians on account of its thera- 
peutic properties. The well is 180 feet deep. . 


OVERBROOK, ATCHISON WELL. 
Grams per liter. 


IONS. RADICALS, 
SoduimmrCNaleu.neacs ospcce. Mace 4.0502°| Sodium oxid (Na2O).......... 5.4572 
Calcium iCal sacar... <1) s00 5 ars .1248 | Calcium oxid (CaO).......... lis 
Macnestum (Mo) 7.2 2: woceu « .0817 | Magnesium oxid (MgO)....... 1361 
‘ironq(We) payee econ ones: RODL ml Lon Oxides (He@) ere mance .0663 
C@Bloring Clymer G29 398 e @hilorina(Cl\ceneecce eer ae 6.2398 
Sulfuric acid ion (SO4)......... .3298 | Sulfuric anhydrid (SOszs)...... .2745 
Silicice acid ion (SiOs).......... SUN ASTWGANSTO aco nike coos on ona . 2429 

Carbonic anhydrid (COz)...... .3086 

Water: (HeO) terrace aces .0726 

Oxygen equivalent........... 1.4103 

Total! ies. alts atone eset 11.6150 

Hypothetically combined as follows : 
Grams Grains 

per liter. per gallon. 
Sodium chiorid (Na@l). 22. -.22..2.2.0... 10.2941 601.2413 
Calcium bicarbonate (CaH»(COs)2)....... .5020 29 .3218 
Calerumesulfate (CaSOgma.: 022252. 0041 .2394 
Magnesium sulfate (MgSOj)............. .4082 23.8488 
Iron bicarbonate (FeH2(COsz)2)........... .1637 9.5640 
Silica SiOsly cawarcan sean eee er ere alee laers .2429 14.1877 
DO tals mete re esata OT aco eh 11.6150 678.4030 


Analysis by E. H. S. Bailey and Watson Sellards. 
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“TBRIENBICONMR:, 


Blazing’s Artesian Wells, Riley County. 
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Geyser Mineral Well, Rosedale. 

A well about 300 feet deep was bored here several years ago 
for the purpose of getting gas. Well is situated on the south 
side of the rather narrow valley of Turkey creek, just north of 
the stream, at a point where it runs close to the high bluffs on 
the south. The water is pumped from the well and stored in 
large wooden tanks in the second story of the building. 

IMPROVEMENTS. 

A few years ago a bathing establishment was erected here, 
and it receives good patronage. The bath-house is divided into 
two sections, so as to accomodate both men and women. There 
are about a dozen bath-rooms, with cots for resting or sleeping 
in adjacent rooms. 

There is a sufficient quantity of gas arising from the well, so 
that it is stored in tanks and used for running a gas-engine for 
pumping the water. The gas is also burned under the boiler 
for generating steam for heating purposes. There is sufficient 
gas in the water so that it effervesces like soda-water, and if 
the stopper be taken out of a bottle that has been nearly filled 
with water, the gas may be lighted at the mouth. The gas has 
practically no odor, and the water gives no reaction for hydro- 
gen sulfid. This mineral spring company also manufactures 
‘‘nop’’ and effervescent drinks from ordinary water. 


GEYSER MINERAL WELL, ROSEDALE, JOHNSON COUNTY. 
Grams per liter. 


IONS. RADICALS, 
Soatum: UNarateen ace ates oo 9.1991 | Sodium oxid (Na,O).......... 12.3977 
Calcium: (Cal teeiees.e os a5c.. LOO Ta Calenmioxid (CaQ)t sae oe .4164 
Magnesium (Mg)....... ati .1890 | Magnesium oxid (MgO). ..... 3155 
Baridme (Bat eee. pees: .0193 | Barium oxid (BaO)..... epee .0216 
Strontium. (rj. ..<2 bos. 2 2+ 0020 | Strontium oxid (SrO)......... -0024 
4 0095 Aluminum oxid (AJoOz)....... .0178 
Alammmum(Al). +o e- t-- : B Trontoxid(ReO) renee 0042 
Tron (Fe).....-- +++. 0+-25+ 005: OSE! © Ohlorin (Oly iyo. eel. kos 14.1400 
Chlorin (Cl).-.......--. +... 14.1400 | Bromin (Br).....,---..+-2-+-- 0260 
Bromin (Br)............ .---- Seo Wo Ceann Lyn craicta cates 'cecbase soe MeN nin .0010 
Todi) eet eee eee ee OOLOM me Silicicanhydridl(Si@s)iwerk a: .0110 
Silicic acid ion (SiQs)......... .0139 | Carbonic anhydrid (COz)..... 1.3698 
Wia toratls@) is, cok cicero oes "2822 
Oxygen equivalent........... 3.1981 
ERO La een ects ene ce On COTO 
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Hypothetically combined as follows: 


Grams Grains. 


per liter. per gallon. 
Sodium chlorid (NaCl)............... fis Da aoor 1363 .067 
Sodium bromid (Naty. tee so eee 033; 1.951 
SOGIUIM 1OCIG UNE eee eae ee ee .0012 .070 
Calcium bicarbonate (CaH2(COz)s)....... 1.2046 70.361 
Magnesium bicarbonate (MgH2(COs)z2)... 1.1516 67.265 
Barium bicarbonate (BaH2/COsz)2)........ 0365 2,132 
Strontium bicarbonate (SrH2(COsz)s)". .... .0048 .280 
Iron bicarbonate (FeH2(COz's)..... ..... .0104 .607 
Alon a (Alo O a petoe es aan ene eee .0178 1.040 
SICA NST OR eae 2 cee sie cae eee rae ee .0110 643 
PO tals estes ee ee eae 25.8075 1507 .416 
Spechic pravity...7 er ae 1.018 
Tem perabure | sacass se oe eens 15.5° C. (60° F.) 


Analysis by E. H. 8. Bailey. 


Saint Paul, Neosho County. 


A well 700 feet deep was bored at this place. The well is 
located on the second bottom of the Neosho river and produces 
considerable gas, which bubbles up with the water. 


49SAINT PAUL DEEP WELL. 


Grams per liter. 


IONS. | RADICALS, 
Sodtume(Na) ieceweee: see ao 10.8198 | Sodium oxid (Na2O).......... 14.5554 
Calcium (Ca\ieeeneeeae ee oe .4652 | Calcium oxid (CaO) .......... .6514 
Magnesium (Mg).. ........... .3410 | Magnesium oxid (MgO) ...... .5684 
Tronandaluminum(Feand Al), .0498 | Iron and aluminum  oxids 
C@hiorinl(Cl\Peeeeeee a eee 17.1240 (AleOz and Fe:Os).......... .0640 
Sulfuric acid ion (SOx)... ..... 2.09942 Chiorin(Cl\ia see eae 17.1240 
Silicic acid ion (SiOz)......... .0215 | Sulfuric anhydrid (SOs) ...... .0187 
Silicic anhydrid (SiOzs)........ .0170 
Temperature nc. +: a.m eee Pea AZ Con (ocr) 


Analysis by E. H. S. Bailey and H. E. Davies. 


49, Trans. Kan. Acad. Sci., vol. XV, p. 87. 


‘ 
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COMPARISON OF SIMILAR WATERS. 


Waters of the chlorine group or brines are common in very 
many parts of the world. For comparison, it is of interest to 
notice the analysis of some typical waters in the United States 
and abroad ; the results in all cases are expressed in grains per 
gallon. 

Sulpho-magnesium Well, Excelsior Springs, Mo. 


Analysis by E. H.S. Bailey. 


Soc ehlorids. sen.< occs cok 644.554 | Calcium bicarbonate........ 49.768 
SOGIAMPOLOWMAG ic. < Sarkis carers 1.050 | Magnesium bicarbonate..... 5.686 
MOCLILMTIOGIC en ace aoe 0.840 | Magnesinm sulfate ......... 23.566 
Sodium bicarbonate......... 1.994 | Iron bicarbonate...... ..... 0.869 
Sodium hydrosulfid......... OM ODM SiliCakemen ts. wad ike cictariets 0.647 
Sodium sulfate ss. 2o207.0cS. 5.248 Maral rarer te ees 735.790 
Potassium sulfate........... 1.376 


Carbon-dioxid gas, abundant. 
Hydrogen sulfid gas, a trace. 


Moorman’s Mineral Well, Yypsilanti, Mich. 
Analysis by F. M. Shepard. 


Sodium chioridy ss... 40525- 1,573.62 | Magnesium chlorid.......... 128.09 
Sodhim Suladse ce. sida ceecsn 8.42 | Magnesium bromid.......... 10.97 
Potassrim sulfate... 22... - 35.33 | Magnesium sulfate.......... 103.76 
Calcium sulfates. 4: oo. chee. IULSIOSD |! SHINEE ae ence hero ocraten ra OR BS 19.81 
Calcium carbonate.......... 57.26 eno en ae eee ~ 2,256.96 
Calcium chilorids....+. 5406-0 143.35 


Hydrogen-sulfid gas, 26.84 cubic inches. 


Upper Blue Lick Springs, Nicholas County, Kentucky. 
Analysis by T. F. Fudge and A. Fennel. 


SogiumechloriGs 2. sesso 516.53 | Magnesium chlorid........... 37.12 
Potassium chlorid ...... Ree 1.80 | Magnesium carbonate......... 0.14 
Potassium sulfate............. 12.97 | Alumina, lime phosphate, iron 

Calcium carbonate............ 25.06 POrOxIG......9......2.-5--- 1.96 
Caleimysuliateicas-seeeeeo +. 4A 1S | DUNCAN oa. ee esses theme ees 1.00 
Magnesium bromid........... SEQ (| POSS OMS MULION: qyeeees eters eee: 14.88 
Magnesium iodid............. 0.15 LG tal ass ee se. eee ale 5:8 660.14 

Carbon-dioxiditas ea oes sae 48.16 cubic inchee, 


Hydrogen-sulfid gas............... Salona oe 
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Harrowgate, England, ‘‘Montpelier,’’ Strong. 
Analyzed by A. W. Hoffman. 


Sodium chiovidsas.42..eeeere 642.472 | Calcium chlorid.............. 49.528 
Sodium: sultic se eee eee ee 11.528 | Magnesium chlorid........... 43.736 
iPotassium=chlorid.e..es 42-2 5. 456008) SL Cal ere se ee mate eee oe 1.472 
Calcium carbonate........... 19.344 Total ee aaa 
Calcnimisuliate: sae sne-e aes 0.472 

Carbon-dloxidicasimunct cua 11.208 cubic inches. 

ORY PON CAB ears se ee eo oe ere ee ut 

Nitropentpas ae 4, 120 eee eee ae Me 3.800 §* - 

Warsi ass tere cite rsctsth at ince eee eee 0.424 *§ $e 


Kreuznach, Oranienquelle, Rhenish Prussia. 


Analyzed by Liebig. 


Sodium Chiloridsa-. es ee 869.640 | Magnesium iodid............ 0.096 
Potassium chlorid........... 3.680 | Ferrous carbonate...... .... 2.848 
Calcium carbonate.......... 2.040 | Aluminum phosphate....... 0.760 
Caleiim: chloride 22-- 3-222.) TSP OO St) Sil@ien. mao oes oe eee (ese 
Magnesium carbonate....... 1.040 

SPOLAL scene 1,084 .328 


Magnesium bromid.......... 14.240 
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These waters are evidently of different degrees of dilution, al- 
though common salt is a characteristic ingredient of all of them. 
Calcium salts are also present in most of them, although repre- 
sented in various combinations. Calcium sulfate, as would be 
expected when we consider the origin of the waters from evap- 
orated ocean water, is usually present. When the magnesium 
salt is not reported as chlorid or sulfate, magnesium bicar- 
bonate is usually considered as being present. It is of interest 
to notice that iron bicarbonate, sometimes as much as eleven 
grains in a gallon, is found in these waters. The same thing is 
noticed in the saturated brines that are pumped up for the 
manufacture of salt. When these waters are used internally, 
it is evident that the iron salts present must have an important 
influence on the system. 

The Arkansas City water is reported as containing 171 grains 
of sodium sulfate per gallon, so it would have the added prop- 
erties of this cathartic salt. The Marion well is still richer in 
this substance, as it contains 358 grains per gallon. The pres- 
ence of bromids and iodids in many of the chlorid waters has 
already been referred to, and, indeed, calls for a classification 
sometimes in the special group. 

A glance at the table will show that the Kansas waters com- 
pare favorably in quantity of constituents and in variety with 
waters of the same class found elsewhere. 


CHAPTER XI. 


The Sulfate Group. 


The sulfates are extremely common in mineral waters. Un- 
der the familiar name of ‘‘salts’’ or ‘‘Epsom salts’? we have 
magnesium sulfate, and under the name of ‘‘Glauber’s salts’’ 
we have sodium sulfate. Calcium sulfate, which is soluble in 
water to the extent of 1 part in 380 parts of cold water, is also 
often found, as is a small quantity of potassium sulfate, a sub- 
stance much like sodium sulfate in its properties. 

These are often called ‘‘purgative waters,’’ on account of 
their marked action on the bowels, and as they are, if con- 
centrated, of a bitter-sweet taste, they are also called ‘‘ bitter 
waters.’ The name Epsom is derived from the name of the 
purging well at Epsom or Ebbesham, near London, once a very 
popular water. 

In regard to water of this class, Doctor Schweitzer says :*’ 
**Dolomitic limestones and limestones containing gypsum pro- 
duce the Epsom and Glauber’s salt springs; magnesium sul- 
fate and calcium carbonate resulting from their interaction, 
the former of which is very soluble and constitutes the main 
ingredient of the Epsom salt springs or wells. Such waters 
are nearly all obtained from wells or shafts, sometimes only 
ten or twenty feet deep. They contain, in addition, variable 
amounts of other sulfates but rarely chlorids or carbonates. If 
the limestone above mentioned were associated with marls rich 
in alkalies, or with other rocks containing alkaline carbonates 
or silicates, the conditions are given for the formation of Glau- 
ber’s salt springs. These may be alkaline or neutral, as so- 
dium carbonate or magnesium sulfate happens to be in excess. 


50. Missouri Geological Survey, vol. III, p. 5. 
(164) 
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They are usually of more varied composition than are the Ep- 
som salt wells.” 

Kansas is particularly rich in waters of this class; some of 
them are heavily loaded with mineral constituents, especially 
sodium and magnesium sulfate, and there is another class hav- 
ing relatively larger quantities of calcium sulfate. While the 
former are nearly all from wells, the calcium-sulfate waters are 
frequently derived from springs. 

This group is represented by the following waters : 

Abilena, Dickinson county. 

Ball’s well, Cherokee county. 

Blasing’s artesian wells, Riley county. 

Burr Oak, Jewell county. 

Capioma, Nemaha county. 

Cave Springs, Cherokee county. 

Carbondale, Osage county. 

Centralia, Nemaha county. 

Chico Springs, Cherokee county. 

Conway, McPherson county. 

Council Grove, Morris county. 

Fagan, Graham county. 

Marion, Marion county, lower vein. 

Marion (Chingawassa Springs), Marion county. 

Madison, Greenwood county, magnesium well. 

Neuchatel, Nemaha county. 

Parsons, Labette county. 

Stotler, Lyon county. 

Sun Springs, Brown county, Nos. 2, 3, and 4. 

Sycamore Springs, Brown county, Nos. 1 and 2. 

Victoria, Ellis county. 

Walton, Harvey county. 

White Rock, Jewell county. 

Williamsburg, Franklin county. 
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Abilena Wells, Abilene, Dickinson County. 


In the summer of 1897 a well was drilled on a ridge of high 
land in the northeast quarter of section 4, township 12, range 
1 east, in Dickinson county, about fourteen miles northwest of 
Abilene. This well was drilled for stock purposes by Mr. M. 
P. Jolley, agent for the Travelers’ Insurance Company. It is 
ninety-five feet in depth, and passes through a hard rock, into 
various formations of interesting character. The yield from 
this one well is said to be about six barrels per day. The 
water is clear when pumped, and if exposed to cold deposits 
beautiful crystals. The temperature varies somewhat, as at 
one time it was 12.2°C. (54° F.), while at another it was 19°C. 
(66° F.) There is a six-inch casing nearly to the bottom of the 
well, and the water is raised by an ordinary lift-pump. Two 
other wells were bored in the summer of 1901; No. 2 having a 
depth of 120 feet, and No. 3 having a depth of 85 feet. The 
water in No. 2 had the greatest specific gravity, No. 1 next, 
and the water of No. 3 was the weakest. Thus it is seen 
that the deepest well yields the strongest water. Later No. 1 
and No. 3 were put down toa depth of 130 feet, and three other 
wells were drilled to the same depth; so all are now said to pro- 
duce water of a uniform strength. In addition to these, a dug 
well, six feet in diameter, has been put down within ten feet of 
No. 2 to a depth of 120 feet, and is seventeen feet across at the 
bottom, thus furnishing great storage capacity. These wells 
and other improvements are the result of the purchase of the 
property in 1900 by the Abilena Company. The water was put 
upon the market by the company under the name of ‘‘Abilena.’”’ 
The water is hauled from the wells to the bottling plant in Abi- 
lene. The only treatment it receives is a careful filtration 
through sand and charcoal, to remove a small quantity of sus- 
pended matter. In order to be supplied with the best modern 
equipment and increased storage facilities, the company is now 
erecting a large bottling plant and warehouses on property re- 
cently bought for that purpose. 
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ABILENA WELLS, 


Grams per liter. 


IONS, RADICALS, 
Sodiuna(Na)escee eer ase 22.6112 | Sodium oxid (NazO).......... 30.4734 
IPOCASSIUINNC TN seer eee .7998 | Potassium oxid (K20)......... .9714 
Caloiuni( Galea. nase .4980 | Calcium oxid (CaO)........ : .6993 
Mapnesiuma(Mm)ivcess e+ a .2997 | Magnesium oxid (MgO)....... .4995 
Trann(Welmnrescnes BEE cae, Gye ate MNEP) |), dhtoxmopcel(MSO)} Geo vcccaos anon .0040 
Chiloriny (Cl Retenc-- Aancetcte cobs soy |] (OsaMtordvon((ON\ nasa aecaras assoc . 3065 
INitrateden (NOs)s.00 05 o6ca cca .0040 | Nitric anhydrid (N2O;)........ ‘0034 
Sulfuric acid ion (SO4),....... 49.2302 | Sulfuric anhydrid (SOs) ...... 41.0259 
Silicie acid ion (SiOs)......... .0199 | Silicic anhydrid (SiOz)........ .0157 

Carbonic anhydrid (CO:)..... . 7594 
Writer (Eic@) tee ee eens nee . 1557 
Oxygen equivalent............ .0805 

To tala ean tients tee 74.8837 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Sodium chloric- (NaCl) aes to adsense .5883 34.3626 
POGiuUMTE UALS (UNAS Oa\ anes cs 68.7473 4015 .5297 
Sodium bicarbonate (NasHCOs)......... 3548 20.7238 
Potassium sulfate (KoSQ4)............... 1.7970 104.9627 
Potassium nitrate (KNOs)............... .0084 .3738 
Galciumesuifate (CaSOpin ce: onsecee aes .8178 47.7677 
Calcium bicarbonate (CaH2(COs)2)....... 1.0479 61.2079 
Magnesium sulfate (MgSO4)............. 1.4985 87.5274 
Tron bicarbonate (FeH2(COs)2)........... .0100 .5842 
Ulecal(OiOs rancid a ere sns daar ae see .0157 9171 
INOEN Gio con ee eee 3 tere moro erator te 74.8837 4373 .9569 
Specificigravity..o/.5...-4-- 1.065, at 15.5° C. 
Hemperabure wee eee 122°C. (54° E:) 


Analysis by E. H.S. Bailey. 


Baxter Springs Mineral Well. 

There is a well on the farm of A. T. Ball, one mile north of 
the town and one-half mile west of Spring river. The well is 
37 feet deep, usually contains 15 feet of water, and is not 
greatly affected by surface-water. There is a great diversity 
in the character of the water of different wells in this vicinity, 
on account of the peculiar arrangeinent of the strata; indeed, 
in some cases, it is necessary to drill to a depth of 400 feet to 
obtain a permanent supply of water. 
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A qualitative analysis shows that the water contains sodium 
chlorid, calcium sulfate, iron and aluminum, magnesium sul- 
fate, and a trace of potassium nitrate. It is evidently a ca- 
thartic water. 


Blasing’s Artesian Mineral Wells, near Manhattan. 


These wells are situated in Zeandale township, ten miles south- 
east of Manhattan, in a well-wooded, rolling country.” They 
were discovered in 1883 by William Blasing, while prospect- 
ing for coal or other ‘‘mineral.’’ ‘‘The location of these wells 
is in the fork of two creeks, bordered with a belt of timber in 
the shape of a horseshoe. An oval hill rises within this belt of 
timber, and at the foot of this hill is well No. 1 (120 feet deep), 
on the south side, and well No. 2 (180 feet deep), on the north 
side, ten feet above the level of the bottom land. At the foot 
of the hill is a stone-quarry, and there isa farmhouse and hotel 
midway between the two wells.’’ The water flows over the top 
of each of these wells. A single well is said to discharge 800 
gallons per hour. The water was formerly delivered to custom- 
ers in Manhattan, and also shipped from that point. The resi- 
due remaining after the water is evaporated was also sold 
under the name of ‘‘mineral.’’ In connection with the wells 
there is a hotel containing bath-rooms, with hot and cold water, 
and arrangements for steam- and shower-baths. These wells 
may be reached by carriage from Zeandale on the C. R. 1. & P., 
and from Manhattan on the C. R. I. & P. and the U. P. R. R. 
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BLASING’S MINERAL WELLS,°! 
No. 1. 


Grams per liter. 


IONS. RADICALS. 

OGM UN a) gone ek .0066 | Sodium oxid (NaeO)......... 
POTASSIUM GCS ade arace one 6 trace | Potassium oxid (K2O)....... 
IGinAM TaN (GDN) saci onion nore onIn trace | Lithium oxid (Li2O)......... 
Gialeiini (Cay ene sc eos st(50n)- Caleiumoxid (Carioca. 
Magnesium (Mg)..............  .0581 | Magnesium oxid (MgO)..... 
Prone soe sa seen ec eeend OOZES irontoxiaacbe@)) acer 
Chicrime(O)\ eee acento) F020 lal Chlorine Cl)e yadetin sockets oa 
remote (sr emerson hotartatosen Sraceslie Brom. Ur erecn eee eee 
Sulfuric acid ion (SO4)..:..... 1.2680 | Sulfuric anhydrid (SO3)..... 
Silicic acid ion (SiQs).......... .2191 | Silicic anhydrid (SiQz)...... 

ERO taligee. acter, Se rn ee 

No. 2. 
Grams per liter. 
IONS. RADICALS. 

SOCUINe ONG) sion as oc Sain oe. .0110 | Sodium oxid (Na2O)......... 
POLassIUI (IS) Soe ects ie usare trace | Potassium oxid (K2O)....... 
Galen Calva. © cssade oe ys oon Cale oxida) yen ase 
Magnesium (Mp).~.... 2... « .0678 | Magnesium oxid (MgO)...... 
PPG UC rae eres Sem ah chee atc AQGEY] |) Mbyeray ono ol MO) cane ping ooo ace 
UG Soy ah AO) DG a A ere cOBOS Mi Chiorin(Cl\ eras Ae ee 
Sulfuric acid ion (SQ4)......... .6810 | Sulfuric anhydrid (SOs) ..... 
Silicie acid ion (SiOs).......... .0041 | Silicic anhydrid (SiOz)...... 

Ota lee ec oer ee 


Analyses by G 


. H. Failyer. 


» Burr Oak, Jewell County. 


.. trace 
0558. 
vo. pllresil 


.. 2.0256 


A well at Burr Oak is reported as having the following com- 


position : 


Grams per liter. 


SOIT AING) bees tak eee se .3170 | Sodium oxid (Na2O)......... 
Rotassimmi(hyii. oe. te ee trace | Potassium oxid (K20)......... 
POD (Parra lore oe eee ia .0008 | Lithium oxid (LizO)......... 
Galena). os see eee ae -4623 | Calcium oxid (CaQ).......-. 
Magnesium (Mg)\.. 0.2. s2aie%.-- .3748 | Magnesium oxid (MgO)...... 
rom i(Hhel ean le ta as oe 101449) roncoxidn(He@) e-em 
Aaa as (CAM ice earn cere ace .0623 | Aluminum oxid (AJoOs)....... 
(Oley forsale eee oie ccks pee Susie | XOiM toner (COM, oa ee Onin Sek 
Sulfuric acid ion (SQ4)........ 2.9407 | Sulfuric anhydrid (SOs) ..... 
Phosphoric acid ion (PO,)....._ trace | Phosphoric anhydrid (P205).. . 
Boric acid ion (B4O7).......... trace | Boric anhydrid (B4O¢)........ 
Silicie acid ion (SiOs)......... .1117 | Silicic anhydrid (SiQz)........ 


Analysis by G. H. Failyer and C. M. Breese. 


51. Trans. Kan. Acad. Sci., vol. IX, pp. 114, 115. 


52, Trans. Kan. Acad. Sci., vol. IX, p. 109. 
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Capioma Magnesium Well. 


Near Capioma, Nemaha county, seven miles due south of Sa- 
betha, on the farm of Philip Hackett, is a drilled well 130 feet 
deep. The first ninety feet was drilled in 1896, and the last 
forty feet in 1900. The well has a six-inch iron casing. On 
account of the peculiar taste, the attention of the owner was 
called to the water, and the analysis showed it to be a strong 
magnesium water, containing sodium sulfate. Sabetha is on 
the C. R. I. & P. railway and the St. Joseph & Grand Island 
railroad. 


CAPIOMA WELL. 


Grams per liter. 


IONS. RADICALS. 
Sodium (Na) ase eee .4211 | Sodium oxid (Na2O).......... .5698 
IRotassium (10) eee eee trace | Potassium oxid (K20)......... trace 
Calenimy (Ca) tema e nes .5420 | Calcium oxid (CaQ)..........- . 7576 
Maecnesram (Moye once sae ee .2195 | Magnesium oxid (MgO)..... I) Oe 
hrong(e) yee ee eee: O0TL Mn tronacid-(MeO)}s..255) see ee .0014 
Aluminum (Al) peeer seer .0055 | Aluminum oxid (Al2Os)........ .0103 
Chioring (Cl) eee BBD4S Ch loving iC) eras arene .3243 
Sulfuric acid ion (SOu4).... ... 2.3500 | Sulfuric anhydrid (SO3.)...... 1.9577 
Silicic acid ion (SiOs).......... 0216: Silicar (SiO nee eee *.0170 
Carbonic anhydrid (COz)...... .2551 
Water (HeO)\i eee ee .0504 
Oxygen equivalent............ .0732 
PRO Ga leper er 4.2259 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Sodium chlorid\(Na@l)\e.... +.) 4.6.2 oe 5344 31.2143 
Sodium bicarbonate (NaHCOs).......... .0252 1.4719 
Sodium sulfate (NasSOwn = 25 eee .6342 37.0436 
Potassium sulfate (K2SQq4)............... trace trace 
Calcium sulfate (CaSO4)................ 1.4780 86.3300 
Calcium bicarbonate (CaHe2(COs)s)....... .4270 24.9411 
Magnesium sulfate (MgSOu,)............. 1.0965 64.0466 
Iron bicarbonate (FeH2(COs)z)........... .0033 .1928 
PUI O Me oases ak soeeke Roninc .0103 .6016 
Silea:(SiOs)3 ar eater Rene ner pe eee .0170 .9929 
Totalsic.; ee tee oe een co eee 4.2259 246.8348 


Analysis by E. H. S. Bailey. 
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Carbondale Mineral Springs. 


In the vicinity of Carbondale, Osage county, and in the town 
there are a number of springs and wells strongly impregnated 
with mineral matter, and in many places this saline water is 
found by boring from 75 to 100 feet. The surface-water seems 
to be comparatively free from mineral salts, but if this is shut 
out by carefully casing a well, an abundant supply of mineral 
water is obtained. Numerous wells and springs are found on 
the western slope of the hill east of the city of Carbondale. 
Along the crest of this hill, at some distance east, there are 
many openings and ‘‘stripping banks,’’ where coal has been 
mined for the last twenty-five years, but on account of the com- 
paratively thin veins of coal it has not been found profitable to 
sink many shafts. The waters of Carbondale do not appear to 
be in any sense mine waters, although they are found below 
where the coal is mined, and at some distance away. 

Carbondale is on the main line of the A. T. & S. F. railway. 

North of the city about a mile and a half, on the direct road 
to Topeka, is the locality where the greatest improvements have 
been made. To the west of this road, upon a plateau slightly 
elevated above the valley to the south, a well about forty feet 
deep was sunk several years ago, and an inexhaustible supply of 
mineral water was obtained. Practically no improvements have 
been made in this property, although the water has been ex- 
tensively used and also shipped abroad. 
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CARBONDALE SPRING. 


Grams per liter. 


IONS, 
ANaaiovayayheniay (UMMakih oo gocumesoone trace 
Potassium (iM) .0080 
Sodium) (Na)i acre een eee ete . 7228 
Calemimy (Wa) aise tase eee 0801 
Magnesium, (Mg) incr 2a .0625 
Lront(Ne) ey scmciy ee oe oe ees 0004 
JM Mvieor vans ast (WAU eo onnc ann ncaa .0051 
@hiloviny( Clee ect cce . 7946 
Bro mint (Ep) searcher ee .0009 
PTodinadh) PAs ete ee ee ce eee .0005 
Sulfuric acid ion (SOQ4)......... .4650 
Phosphoric acid ion (POs) ...... .0001 
Boric acid ton) (BiO7) 72)... .0098 
Silicic acid ion (SiOs).....:..... .0065 


RADICALS, 
Ammonia (NEH)i---222- enone 
Potassium oxid (K2O)........ 
Sodium oxid (NavO).......... 
Calcium oxid (CaO).......... 
Magnesium oxid (MgO)....... 
TrOmOxIGi(heO) ise procs oe 
Aluminum oxid (AJ2Os)....... 
Chiorin (Cit. eee eee 
Bromin (Brite. pctesme tree 
odina(l ia: tec ieee ae 
Sulfuric anhydrid (SOz)...... 
Phosphoric anhydrid (P2Os) .. 
Boric anhydrid (ByO¢)........ 
Silica (Si@o) eee eee 
Carbonic anhydrid (CQz)..... 
Wiatern(H6O)" 4a ates eee 
Oxygen equivalent........... 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Ammonium sulfate ((NH4)sSO,).......... trace trace 
Potassium sulfate (KoSOy............... .0179 1.0455 
Sodium sulfate (NasSOu)................ .6442 37.6277 
Sodium chlorida(NaG)ieeeneanen eee 1.3094 76.4820 
Sodium phosphate (NazsPQ,)............ .0001 .0058 
Sodium bicarbonate (NaHCOs).......... .0156 29312 
Sodium biborate (Na2BsO7).............. .0128 . 7476 
Slorehiuian:storshtel (NEWB) econ sooago dou saoseoa- .0006 .0354 
SOVSHOKeN Lop IGN, bn rn oe nBouecsueueddenat .0012 .0700 
Calcium sulfate (CaSO,) ...............- .0281 1.6413 
Calcium bicarbonate (CaH2(COs)s)....... .2908 16.9856 
Magnesium bicarbonate (MgH2(COs)z)... —. 1617 9.4448 
Iron bicarbonate (FeH»2(COs)s)........... .0012 .O701 
lumina ((A)5OQs) oases erie eee 0096 .5607 
SilicalSOs) race nemo ence en eee .0051 .2979 
Totaleautwares Sacer eee ences 2.4983 145.9257 


Analysis by E. H. S. Bailey. 


trace 
.0097 
. 9863 
mi bPal 
.0443 
.0005 
.0096 
. 7946 
.0009 
.0005 
.3873 
. 0001 
. 0089 
.0051 
. 2638 
0542 
.1792 


2.4983 
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Centralia Gypsum Well. 


There is a well two and one-half miles north of Centralia, in 
Nemaha county, that has attracted considerable attention on 
account of the amount of gypsum that the water contains. It 
is on the farm of A. Oberndorf, and is 125 feet deep. There is 
evidently quite a body of this mineral below the surface here. 

53QENTRALIA WELL. 


Grams per liter. 


IONS, RADICALS, 

POGUUM WeNal cere ao. ais orreek .0315 | Sodium oxid (NazO)........... .0424 
IPotassiumiis)t.c¢ oe. oo. es s,s .0250 | Potassium oxid (KeO)......... .0302 
Amovontumy UNH a). cise oh (O04 Seam montium (NE .0014 
Calon (Cala e.= het ocak ace. .4940 | Calcium oxid (CaO)........... .6921 
Magnesium (Mg).............. .1567 | Magnesium oxid (MgO).. ..... .2618 
RITA (Ae eee eer ee eee ee) UUme lumInuny. oxidi(Al5O@s)\inann aan .0070 
PGORULG) anes na eee eee OODSa i Trontoxid (H6O) meres soenas eee .0036 
G@hienmn (OL. sai doce ees FO3GOM lS Chilorin (Claes asses Renee .0360 
Sulfuric acid ion (SO.)......... 1.9506 | Sulfuric anhydrid (SOs3)....... 1.6255 
Nitrous acid ion (NO»)......... .0064 | Nitrous anhydrid (N2Os3)....... .0045 
Nitric acid ion (NOs) .:........ .0141 | Nitric anhydrid (N2Os)......... .0091 
Phosphoric acid ion (PO,)..... .0627 | Phosphoric anhydrid (P2O;).... .0468 
Silicic acid ion (SiOs).......... .0300 | Silicic anhydrid (SiO2)......... .0250 
Carbonic anhydrid (CQz)....... .6341 

Potaly seas eee eee 3.4196 


Analysis by E. B. Knerr. 


‘Conway, McPherson County. 


The water of a well at Conway has the following composi- 
tion: 


Grams per liter. 


Sodium (Nae a: ce asta: oomier .0386.| Sodium oxid (NaoO)....:..... .0320 
(Potassintng ie jie.acs er as ee : .0192 | Potassium oxid (K2O)......... .0231 
Pith ile ees ee ee trace seo Lithnum,.oxid: (is) e.) 2.254. trace 
@alormnnGalcec seen ee con roo 1S a) Calenins omadi(Ca@)iae.-e iS: . 7308 
Maonestumin(Wio) Cancers cae « .0947.| Magnesium oxid (MgO)....... . 1579 
ronc(Ha) ea teeters ec as « inaKoey || IbdopehGpvel (MEO) aoe cone one trace 
NIL ieanbaUE hone OW Niece cies hacer .0551 | Aluminum oxid (AleOs)....... — .0104 
Chlorine Ciisaee ck. soseer cers BOD 9am Cilorin: (C]l) perenne ete .0595 
Sulfuric acid ion (SO4) ....... 1.6546 | Sulfuric anhydrid (SOs)....... 1.3785 
Boric acid ion (BsO;)......... trace | Boric anhydrid (BsOs)........ trace 
Silicie acid ion (SiOs)......... .0181 | Silicic anhydrid (SiO»)........ .0143 

Carbonic anhydrid (COz)..... none 


Analysis by G. H. Failyer and C. M. Breese. 
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Council Grove Magnesium Well. 


This well ison the property of A.W. Simcock, four and one-half 
miles from the town of Council Grove and 100 yards from a 
running creek. It is twenty-five feet deep and ordinarily con- 
tains about eight feet of water. Council Grove is at the junc- 
tion of the M. K. & T. and Mo. Pac. railroads. The water has 
been used locally with considerable success. 

The partiai analysis is as follows: 


COUNCIL GROVE (PARTIAL ANALYSIS). 


Grams per liter. 


IONS. RADICALS, 

Soca (NA) seer. Se .0061 | Sodium oxid (NaeO).......... .0082 
Caleinms(Ca)perer eee eee ree 4375 | Calcium oxid (CaO). ...2-.--= . 6690 
Macnesiuimal (lc) pene .2931 | Magnesium oxid (MgO)....... .4890 
Tront (He) eee 01570" Tromoxid (Bes@s)22 ee eee .0225 
Chiloriny(Cl) ern sea eee traces |): Chlorin (Clits. eee see trace 
Sulfuric acid ion (SOu)........ 2.3730 | Sulfuric anhydrid (SOz)....... 1.9775 
Silicic acid ion (SiOz)......... .1868 | Silicie anhydrid (SiOz)........ . 1475 

Ota, ce een er eee Dialor 


Grams Grains 
per liter. per gallon, 
Sodium) sulfate (NasSOz)22_ oe ee tee .0187 1.092 
Sodium chlorid (NaCl).............. ite ee LEACe trace 
Calcium sulfate (CaSO,)................ 1.6245 94.887 
Magnesium sulfate (MgSOu.)............. 1.4670 85.687 
Ferric sulfate (Fes(SOs)s)................ .0560 3.271 
Silican(SiOs Saracen ears ten eee rere .1475 8.615 
Lotalasaen ceo) See eee S.olol 193.552 


Analysis by E. H. S. Bailey and H. P. Cady. 
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Fagan, Graham County. 


The water of a well at Fagan has the following composition : 


Grams per liter. 


IONS, 
Sodium (Na) ease ole or A eat lene .0333 
@aleiumil(Galie sotecaiacenare corr eusie 1537 
Mapnhesinme(Mo)ianice seas. a: .0190 
PONG CH Geren tee neo eceere ew acto .0061 
@hloring(@ lime cece tees .0512 
Sulfuric acid-ion (SO4).......... .2691 
Silicieaeidion(SiOs).- -..-. .0s2 


RADICALS, 

Sodium oxid (NasO)............ .0449 
@alciumioxid(CaO) eae aeons 2154 
Magnesium oxid (MgO):........ 0317 
TronvoxiGa(He®©) eran. cee .0068 
@hilorim (Cl) ea ementa saree ces .0512 
Sulfuric anhydrid (SOs3)......... .2241 
Silicic anhydrid (SiOz).......... .0253 
Orcanicumatierne screenees .0080 
Carbonic anhydrid (CQ») ....... . 1668 
NEWCO) ano coceouuecooatons Aube 
Oxygen equivalent. ........... .0116 

Totaliters te cece eee . 7969 


Hypothetically combined as follows: 


Sodium chlorid (NaCl)......... 
Calcium sulfate (CaSO,)....... 
Calcium bicarbonate (CaH2(CO 
Magnesium sulfate (MgSQu).... 
Iron bicarbonate (FeH2(COs):2) . 
SUICAUSIOS Pec ccet wie. eieiese 
Oroanicunatters--.ceccnns es 


IPOUAIS eke as Greenies 


Grams Grains 
per liter. per gallon. 

Be aA TERS -0846 4.935 
Beto ease 2751 16.073 
MNOinoosoo » delite! 17.055 
Be te aes .0953 5.554 
yen OL OLGS .983 
Lee Serres 0253 1.479 
ee eh .0080 .466 
eee waa . 7969 46 .545 


Analysis by E. H.S, Bailey and E. C, Franklin. 
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View on Clear Creek, Chingawassa Park. 
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Chingawassa Springs, Marion County. 


These springs are situated in a beautiful park about six 
miles north of Marion. This park is near Antelope station, on 
the C. R. I. & P. railway, and within a radius of a quarter of a 
mile there are at least thirty springs, but most of them are 
fresh water. The water bubbles out of the bluffs in such quan- 
tities that a stream of no mean proportions takes its rise from 
this point. There are no less than four of these springs 
strongly impregnated with mineral matter. 


IMPROVEMENTS. 

In 1888 extensive improvements were made here, and a 
dummy line was built from Marion to the hotel at the springs. 
The plan of the promoters of the railroad also called for 
branches extending in several directions to the extensive lime- 
stone quarries in the vicinity. The citizens who had assisted 
in this enterprise found, however, that the developments that 
they had made were ahead of the times, and the park is at 
present used only as a picnic ground, and the improvements 
have been sold. The springs, however, are as numerous as 
ever, and the flow of water is not affected by local booms. 

In this park there are grouped some of the finest springs in the 
state. The present owner is Doctor Rogers, of Marion. Sam- 
ples of the various waters were taken by the author personally, 
and the result of the analysis of two of the most important 
springs is given below. From the north spring an inch and a half 
stream is constantly flowing, and from the south spring the 
flow is estimated at 1500 gallons per hour. On the bottom and 
sides of several of these springs may be seen a white deposit of 
sulfur, and in others the odor of hydrogen sulfid is quite ap- 
parent. A neat pavilion was formerly built over the north 
spring, and the water was conducted by pipes into the stream 
which runs in the vicinity. 
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55 CHINGAWASSA SPRINGS (NORTH SPRING). 
Grams per liter. 

IONS. RADICALS, 
Soc iu (INA@)eee tee eee tae 0374 WW) Sodium oxidiiNaO)), eee 
Potassnanan (ayers een ane .0039 | Potassium oxid (K2O).......... 
Magnesium (Mic) iene emereie: .0785 | Caletum oxid (CaO)...--...-2.. 
J Mecoyant@ USN at ceo tice a ae tere ARYA ets 0007 | Magnesium oxid (MgO)........ 
C@hiorin(C))\ eee rere rice [02808 Tron oxidrihG@) eee 
Sulfuric acid ion (SO4)......... 1350449" Ohlorinu(Cl\eeeevecree se ee 
Silicicracidwonn(S1O2 pene .0215 | Sulfuric anhydrid (SOs)........ 


Sodium chlorid (Na@)),. 06.2... 7.-- 
Sodium sulfate (Na2SO4)............. 
Sodium bicarbonate (NaHCOs)....... 
Sodium hydrosulfate (NaHS)......... 


Calcium sulfate (CaSO,) 


Calcium bicarbonate (CaH»(COs)s).... 
Potassium sulfate (KeSO4)............ 
Magnesium sulfate (MgH2(COs)s) ..... 
Iron bicarbonate (FeH»(COs)2)........ 
Silicay (Sis nee. eee eae ee 


Silical(Si@s\. see ee eee 
Carbonic anhydrid (COs)....... 
Water (H2O) 
Oxygen equivalent 


Carbon-dioxid gas, considerable. 


Hydrogen-sulfid gas, a trace. 


Remperaturemern eee nee 


Grams Grains 

per liter per gallon. 
i .0461 2.6920 
Lea 0538 3.1427 
oie: LM trace trace 
sree E trace trace 
5 A 1.6698 $7 .5369 
aan Ee 4263 24.9043 
Ea itae .0083 .4907 
aes 3923 22.9183 
re .0030 L152 
Ae act 0162 .9464 
ian 2.6158 152.8065 

Me CA(Gh2e Re) 


Analysis by E. H. S. Bailey and E. C. Franklin, 


South spring has similar composition : 


Wotaltsolid svar. eheevet. aan raie 
Temperature 
Flow, gallons per minute 


153.748 grains per gallon. 


. (57.4° BF.) 


25 
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° Madison Magnesium Well. 


The water of a well about thirty feet deep, on the farm of Mr. 
A. Girard, of Madison, Kan., has the following composition : 


Grams per liter. 


IONS, RADICALS, 
Sodiun MUNA eee a .6502 | Sodium oxid (Na2O)........... .7414 
CalCluIg Oa) eee ae USL C@alcrum oxid (GaO)\eu were e.) emoule 
Magnesium (Mg)... ..<... 22... .3845 | Magnesium oxid (MgO)........ 6403 
rong aeeac ee take Schatten aks .0092 | Iron and aluminum oxids (Fe:Os 
@hiloning(Giye casas. cect esse .0698 ANG PANSOs) pemnsress roche ae OLS 
Sulfuric acid ion (SO4)...:..... Se 05a0 mle Ch lori (Clee mecctmiaerr .0698 
Silicie acid ion (SiOs).......... .0162 | Sulfuric anhydrid (SOs)........ 2.5446 
Silicic anhydrid (SiOz)......... .0128 


Analysis by F. W. Bushong, 


Neuchatel Well. 


In the extreme southwest part of Nemaha county Neuchatel 
is situated. On the high land about the head waters of the 
Vermillion, and five miles due north of Onaga, on the property 
of William Swift, a well was bored in September, 1891. It 
was carried to a depth of 150 feet, and the water, being exam- 
ined, was found to be strongly impregnated with salt and other 
mineral substances. This water yields 167 grains of mineral 
matter per gallon. This mineral matter consists of sodium 
chlorid, calcium carbonate, sodium sulfate, magnesium car- 
bonate, silica, iron and aluminum oxids. From the com- 
position, it is evident that the water has excellent cathartic 
properties. 

Parsons Mineral Well. 


About six miles east of Parsons, in Labette county, an im- 
portant point on the M. K. & T. and St. L. & S. F. railroads, 
on the open prairie, is situated a well which was dug to supply 
stock with water. The mineral character of the water was no- 
ticed by the owner, Mr. Angell Mathewson, and an examination 
of the water was made. The well is thirty feet deep, and, as 
may be seen by the analysis which follows, the water is remark- 
able for containing large quantities of nitrates and an excess of 
magnesium salts. The presence of the nitrates was thought at 


56. Trans. Kan. Acad. Sci., vol. XVII, p. 53. 
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first to indicate contamination, but from a knowledge of the 
situation of the well, and the fact that there seemed to be no 
opportunity for contamination, it is probable that the nitrates 
are associated with the sulfates normally in the soil and that 


there is no organic impurity in the water. 


have been made here. 


PARSONS MINERAL WELL.” 


Grams per liter. 


IONS. 
IRotassuaini (iS) eee eer renee .0061 | Potassium oxid (K2O). ........ 
Sodium. (Neeser eee .3304 | Sodium oxid (Na2O)........... 
Calcminy (Ca) eee eee .4938 | Calcium oxid (CaO)........... 
Magnesium (Mo)ieee. sat cee .8112 | Magnesium oxid (MgO)........ 
Irong(He)\- se eee ee ee 10005"|Herrousioxid (FeO) ras-2.2o 
(Gina Gl \Wuomemooance weve cA: S 9) sO) Westin (Cll\ng = Sei eens fac 

Sulfuric acid ion (SO4) ........ 4.4090 | Sulfuric anhydrid (SOz)........ § 
Nitric acid ion (NOs) .......... .0182 | Nitric anhydrid (N2O;)......... 
Silicie‘acidvion’(SiO3\e ass eee OL OOn | LLG a sl Op) eres ee 
Organicmmatter-- eae trace Carbonic anhydrid (COz)....... 
Water: (He. tes eee eee 
Oxygen equivalent ............ 
Total yet ee ee ee 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Potassium sulfate (K2SO4)............... .1138 .8060 
Sodium’ nitraterNaNOs)pcs. 0 esse eee .0255 1.4894 
Sodium sulfate (NasSQOu)................. 7434 43.4220 
Sodiumichilorids(NaG@ lees eee . 2330 12.6095 
Sodium bicarbonate (NaHCOs).......... trace trace 
Calciumusulfater(CasO1), ae ae . 9080 53.0362 
Calcium bicarbonate (CaH,(CO;),)...... . 9496 55.4661 
Magnesium sulfate (MgSO,.)............. 4.0584 237.0511 
Iron bicarbonate (FeH,(CO;).).......... .0020 1348 
Silica (Si Os). ykieaseuce ase yo Ne eee .0146 .8527 
Organicunatiotesd-. et ce eee trace trace 
Totalary Sort ot ae rota ee ee Ce 6.9486 405.8673 


Analysis by E. H. S. Bailey. 
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Stotler Well, Lyon County.® 


The water of a well at Stotler has the following composition : 


Grams per liter. 


IONS. RADICALS. 

SodiumedNa) eee ose. 5 .0970 | Sodium oxid (NasO)............ .1308 
IPOLAgSINIME (Keres edcane 1 osine .0554 | Potassium oxid (K2O).......... .0668 
Calenumel@a ars. onic anes can ss l3so | Calciumioaxids (GaO\ee eae, .2987 
Magnesium (Me): oc... sce. =. .0560 | Magnesium oxid (MgO)......... 0934 
Prone We were Se conten okN es 205520 Elo nroxida(He@)meeamirea er ete .0453 
@hiloning(C laa eect Acs wets AOD Seg) (Olatov rin (OM\e «nati g la eeeades ona .0169 
Sulfuric acid ion (SO4) ......... .9476 | Sulfuric anhydrid.(SOs)........ . 7897 
Phosphoric acid ion (PO,)...... .0006 | Phosphoric anhydrid (P2O;)..... .0004 
Silicie acid ion (SiOs)........... .0420 | Silica (SiO2)......... Ene fet SOLS .0332 

Carbonic anhydrid ... not determined 


Analysis by G. H. Failyer and J. T. Willard. 


Sun Springs, Brown County. 

These springs are located three miles southwest of the town 
of Morrill, Brown county, on the St. Joseph & Grand Island 
railway. This is a high, rolling country, and is well watered. 
These springs are in the valley of Mulberry creek, a stream that 
runs east and then north, and at last finds its way into the 
Nemaha. 

IMPROVEMENTS. 

This property was developed in 1898. The new hotel is just 
in the edge of the timber, a little to the north of the grove in 
which the springs are situated. A bath-house has also been 
erected, with baths for giving hot and cold baths, and a dam 
thrown across the valley makes a lake, which gives facilities 
for boating. There are a large number of springs within a 
radius of an eighth of a mile, and water is found in abundance 
wherever a small excavation is made in the ground. The soil 
seems to be peculiar in that it is very springy, and at a short 
distance below the surface is full of large nodules, consisting of 
clay and iron minerals. 

The principal spring is No. 1, a few rods southwest of 
the hotel. This is improved by being built up and cemented 
to a point about three feet above the surface. It is eight feet 
in diameter and eight feet deep, and a stream nearly filling a 
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Hotel at Sun Springs. 


Lake near Sun Springs. 
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six-inch pipe constantly runs away from the spring. The flow 
is estimated at 5000 gallons per hour. In fact, this seems to 
be one of the largest springs in the state. The water boils up 
through the sand and broken shales at the bottom and is per- 
fectly clear, and sometimes gives off a little hydrogen-sulfid 
gas. 

Spring No. 2 is a short distance southwest of this. It is built 
up in the same way above the ground, and yields 600 gallons 
per hour. The flow of gas is more abundant from this spring 
than from No. 1. 

Spring No. 3 is a short distance east of No. 2. It also has 
an abundant flow of water. The temperature is 14°C. (57.2°F.) 

Spring No. 4 is east of the hotel. The water of this spring 
is used at the bath-house, which is near by. 

There are other springs in the vicinity which have been 
only partially developed. The value of the improvements thus 
far made is from $2000 to $3000. The present proprietor is F. 
A. Gue, Hiawatha, R. F. D. No.3. The analysis of the water 
of spring No. 1, which was made in 1898, is as follows : 


Sun Springs, No. 1. 


Grams per liter. 


IONS. RADICALS, 

SSGCIUITIN GINA ear rare cases .0663 | Sodium oxid (Na,O).......... .0894 
Calcite (Ga) ok. eek 4ackasats .5968 | Calcium oxid (CaQ).......... .8356 
Maomnesmumie( Mole ns se. ae: .0604 | Magnesium oxid (MgO)....... ».1006 
Pron CMa) eat ete cake aa cts AOU | Lbwoyal hotel (MEO) Ae Woes oh esse .0022 
Ghlorine (Ci etc aces BO42On in@ bilarjri (Cl rwayn erate: .0425 
Sulfuric acid ion (SO4)........ 1.4088 | Sulfuric anhydrid (SOsz)....... 1.1740 
Silicic acid ion (SiOs)......... ROZG Tele Silican (SiO ke weer crane es .O211 

Carbonic anhydrid (CO,)..... .3190 

Weateri(ElsO)ieie fens ote ee .0651 

Oxygen equivalent............ .0095 
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Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Sodiumuchilorid (NaG@l)\aaaeere rer ase .O701 470945 
Sodium bicarbonate (NaHCOs3)......... 0432 2.5233 
Sodium sulfate (Na,SOu)............-.. .083L 4.8538 
Calcium\sulfater(CaSOms eee eee 1.9169 111.9661 
Calcium bicarbonate (CaH,(COs).)...... A29 7.7626 
Magnesium bicarbonate (MgH,(COs).).. 3672 21.4481 
Tron bicarbonate (FeH2(COs),)........ *. 0055 .3216 
Silical(SiOs \easeweme-ceas eee eee = .0211 1.2324 
2.6400 154.2024 

Memperature seer 13° C, (65.4° EF.) 
Analysis by E. H. S. Bailey and D. F. McFarland. 
Sun Springs, No. 2. 
Grams per liter. 
IONS. RADICALS, 

Sodinma (Na) neers eerie 20198 5|Sodimmioxid (Nas Oy 

Calenimi(Ca\iresn eee w1d06) | SCaleruns oxid! (CaO) See aes 

Mapnesiumy(My)\ta-. aes .0003 | Magnesium oxid (MgQ)...... 

Lroni(E6) pene adae too eee (00287 | SLrontoxidy (CO) nae eer 

Chloring (Cl) er aaeerne eee 202484)" Chilorins( Cleese 

Sulfuric acid ion (SOs)....... 1.3830 | Sulfuric anhydrid (SOs) ..... 

Silicic acid ion (SiOz)........ SO223 Silica: (SLO>)ee ee eee 


Carbonic anhydrid (CO,).... 


Water (H.O) 
Oxygen equivalent 


Grams 
per liter. 
Sodiumichlorides(NaC@)): eee .0408 
Sodium sulfate (Na,SO,)................ .O114 
Calcium sulfate (CaSOu4): .............. 1.9419 
Calcium bicarbonate (CaH,(COs),)...... .6814 
Magnesium sulfate (MgSQ,)............. .0018 
Iron bicarbonate (FeH,(COs;).).......... .0088 
Pilicay(SiOs)- eset ee eee 0180 
Totalas picts sheet eta eee 2.7041 

(Temperatures eee pees ASIC S(O aH) 


Analysis by E, B. Knerr. 


eee ene 


Grains 
per gallon, 


2.3800 
.6650 
113.2800 
39.7500 

. 1050 
.5133 
1.0500 


157.7488 
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Sun Spring's, No. 3. 


Grams per liter, 


IONS. 
Sodiume(Na lyases ace 0369 
IPOCASSIUINI A (EG)ets enema 0033 
Caley (Gi) hasnt csar 6297 
Magnesium (Mg).............. 0417 
Tronn (helene eaiienee cee. .0018 
@hlorimng(Glyeacs anithatecs oe ece. 0496 
Sulfuric acid ion (SO4)........ 1.2902 
Silicie acid ion (SiOs)......... 0363 


RADICALS. 
Sodium oxid (Na2O).......... 
Potassium oxid (K2O)......... 
Calerumroxid(Ca@)ino ec. oe 
Magnesium oxid (MgO)....... 
Jbxoparopdtél(OMA Oo oosognenet ee 
Chlorin (Cl) 
Sulfuric anhydrid (SOs)....... 
Silican(SiOs)meeceeeec mee ere 
Carbonic anhydrid (CQ»)...... 
Water (E15 ©)irenctcwt tear ener. 
Oxygen equivalent............ 


Hypothetically combined as follows: 


Sodium chlorid (NaCl).......... 
Sodium sulfate (Na2SOu,)........ 
Potassium chlorid (KCl)........ 
Calcium sulfate (CaSQu,)........ 
Calcium bicarbonate (CaH»(COs)2)....... 
Magnesium sulfate (MgSQOu).... 
Iron bicarbonate (FeH2(COs)2) . . 


Silica (SiOz) 


lal's; ata! .o 0,fu stil-al (eye! )'6\(ar-eere.e 


Grams Grains 
per liter. per gallon. 
ere ene we 0770 4.4976 
See eee .0205 1.1974 
Eutie irae .0061 .38563 
ee ee ane 1.5720 91.8205 
.6778 39.5903 
OOH . 2084 12.1726 
A iG easels 0058 .3388 
ae ee .0288 1.6822 
eS eae 2.5964 151.6557 


Analysis by E. B. Knerr. 


Sun Springs, No. 4. 


Grams per liter. 


OLAS = Mare aA cence eran 
IONS. 
Hodium (Naess eae. .0601 
Potassium: (1S)ee er asa .0004 
Calerumu(@ay era rrreetiaekee .5435 
Magnesium (Mg)............. 0074 
Brent (6) irre sirenee teres 0025 
Chiorin( Ci eee e se .0496 
Sulfuric acid ion (SO,)........ 1.3885 
Silicic acid ion (SiOs)......... 0258 


RADICALS, 
Sodium oxid (Na2O)........... 
Potassium oxid (K2O)......... 
Calcium oxid (CaO) 
Magnesium oxid (MgO)....... 
Tronioxidi(HO@O)Prascesrrvecc- 
Chlorinu(C pease recess : 
Sulfuric anhydrid (SOs)....... 
Silica (SOs) tees. ase ns 
Carbonic anhydrid (CO2)..... 
Water (H20) 
Oxygen equivalent........... 


185 


1.0752 
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Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon, 
Sodrum chioridNaG le) peewee .0813 4.7430 
Potassiumchlorid (iC ))\me. eee eee .0007 0406 
Sodium sulfate (NasSO1)-......445-.-4.- .0871 5.0810 
Calciumistifate (CaSO.) 2. cee eee 1.8415 107.4500 
Calcium bicarbonate (CaHz (COs) 2)...... .0074 .4625 
Magnesium sulfate (MgSOu.)............. .0370 2.1585 
Tron bicarbonate (FeH2 (COs) 2) ....- 25 Sve .0080 .4667 
SiliGaN(SiOs)\ aes aviator .0204 1.1900 


Totalaaemeeee PIE eae Oe pt 2.0834 121.5923 
Analysis by E, B. Knerr. ; 


Sycamore Springs, Brown County. 

In Brown county are situated several interesting groups of 
springs. At Springs post-office, five miles northwest of Morrill, 
six miles northeast of Sabetha, at the crossing of the St. J. & 
G. I. and the C. R. I. & P. railroads, and nine miles south of 
Salem, Neb., are located the Sycamore springs. They are in 
the valley of the Sycamore, a stream which runs north into the 
Nemaha river, and in the midst of some of the finest farm- 
ing land in the state. The valley here is well wooded, many 
of the trees being large and evidently of great age. 


IMPROVEMENTS. 


The owner and proprietor is E. V. Kauffman, who has ex- 
pended perhaps $2500 in rendering the springs more conyen- 
ient of access and in improving the property. There is a frame 
hotel 24x 60, three stories high, with accomodations for twenty- 
five guests. In this hotel is the post-office, dining-room, bath- 
rooms, with facilities for giving hot and cold baths, sweat 
baths, etc. There have also been erected two cottages, a re- 
freshment stand, and livery barn, and the grounds have been 
cleared of underbrush, so that there is a very convenient space 
for those who prefer living in tents. 

There are at least four important springs in this group: 
No. 1, near the hotel, discharges 1000 gallons per hour. No. 
2, which discharges into a large tank, is delivered at the hotel. 
The flow is about 500 gallons per hour. No. 3 is a spring 
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Spring and Park, Sycamore Springs. 
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under a part of the hotel building. The water has*ajtempera- 
ture of 12° C. (53.5° F.) The flow is about 500 gallons per 
hour. No. 4 is a smaller spring, which evidently contains con- 
siderable iron. The water has a temperature of 12.5° C. (54.5° 


Ff.) The composition of the water is as 


follows: 


Sycamore Springs, No. 1. 


Grams per liter. 


IONS. RADICALS. 

Sodium (INa)ie eee oe erie .0572 | Sodium oxid (NasO)........... .O771 
Potassiums(K) ice ae eee 0018: |> Potassium-oxid (KO). 4-.5 =... .0021 
Calcium (Ca)...... on rate 3 Aiea ,6044°, Calerum oxid (Ca@)\er- nse . 8460 
Magnesium (Mg).............. .0576 | Magnesium oxid (MgO)....... .0959 
Prone(Be) reas aeccn eee 10014 IV iron! oxid:(HeOys eee eee 0018 
Chiorinin( Cliteens tere ene 20815 ale blorin(C)]) ee aeseeerere sere .0815 
Sulfuric acid ion (SOu)......... 1.3665 | Sulfuric anhydrid (SOsz)........ 1.1388 
Silicic acid ion (SiOs).......... PO2S4 aie Silican(SiOs)\ cca cee eee .0224 
Carbonic anhydrid (COz)...... .B005 

Water (H2O) ase ee eee .0613 

Oxygen equivalent............ .0184 

Tota] axed ee Gah eee ee ee OO 


Hypothetically combined as follows: 


Soditimichloridi((NaGl)\ ya eee 
iRofassiumuchlonicy (IC) tree ee 
Sodium sulfate (NasSO4).................. 
Calcium sulfate (CaS@.)eaeesee cece 
Calcium bicarbonate (CaH2(COs)2)........ 
Magnesium sulfate (MgSOu)............... 
Iron bicarbonate (FeH2(COs)2)............ 
Silicas(SiOs) sere cisece ee at eso eee 


Motals: Macs ae Sore ee ee 
Pomperature qeeer ese eee 12.5° 
Analysis by E. B, Knerr, 


Grams Grains 


per liter. per gallon, 
sale ny 7.6926 
0034 . 1986 
.0168 .9813 
1.5934 93.0705 
.5490 32.0671 
.2879 16.8162 
.0044 . 2570 
.0224 1.3083 
2.6090 152.3916 
C. (54.5° F.) 


Barry. | 


Mineral Waters. 


Sycamore Springs, No. 2. 


Grams per liter. 


IONS, RADICALS, 
Sodiume(Na)irecsss oe ac etan soon .0492 | Sodium oxid (NaoO)........... 
Potassium (Ki) sea sete. .0027 | Potassium oxid (K20).......... 
Caloiuma(@alwenceie seein a .6239 | Calcium oxid (CaO) 
IMaonesiuinn (Mm) cncs-cn vac .0556 | Magnesium oxid (MgOQ)........ 
WPOMMRCHO recesses eras ca vc a AGOME |] Uixonatiowe Gh (UNO esc aonouoow akan 
Chlonmn(Gie veyron wens at. eOCOR SSC Mloring((C)\ ieee eae 
Sulfuric acid ion (SO4)......... 1.4550 | Sulfuric anhydrid (SOs)........ 
Silicic acid ion (SiOs).......... OPA | (Siibee (SHOW oo oasbaccdooes coon 


Carbonic anhydrid (CO:) 
Water (H20) 
Oxygen equivalent 


Grams Grains 
per liter per gallon, 
Sogiumschlorida(NaG Wess ce oe ses gett ee 0967 5.6482 
Potassium-chlorid) (KCl) e524. ccs anes ce .0051 .2979 
Sodium sulfateniNasSOaenya..0 oe tern .0343 2.0035 
Gaichumisnifate (CasO3) acces. one aces eralesss 100.1031 
Calcium bicarbonate (CaH2(COs)2)......... .4840 28 . 2704 
Magnesium sulfate (MgSOu,).......... sence esiue! 16.1970 
Iron bicarbonate (FeH2(COs)z)............. .0053 . 3096 
Milica (SiOloh cee moe Nee ee a ee ete: .0212 1.2383 
Ot Al Sin ee nes Ss ae asset trois soa 2.637 154.0680 

Temperaturescas ss seas 12.5° C. (54.5° F.) 


Analysis by E. B. Knerr. 


Victoria Well, Ellis County. 
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On the Battell farm, near Victoria, is a shallow well, the 
water of which at first proved distasteful to stock, but to which, 
after a time, they became accustomed. 
this water shows that it contains 120.89 grains of mineral mat- 
ter per gallon, of which 14.387 grains is common salt. 
other constituents are such as to indicate the presence of cal- 
cium sulfate, magnesium sulfate, and sodium sulfate, with 
small quantities of carbonates and nitrates. 


A partial analysis of 


The 
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Walton Well, Harvey County. 


There is a well on the property of E. W. Slaymaker, which is 
sunk to a depth of fifty-five feet. There is such an abundant flow 
of water that continuous pumping produces little effect, only it 
has been noticed that the temperature of the water becomes 
lower. This well is on the top af a high hill, within a mile of 
the divide, the water to the west flowing southwest and to the 
northeast flowing northeast. As may be seen from the analy- 
sis below, this water contains considerable calcium sulfate. 


5) WALTON WELL. 


Grams per liter. 


IONS, RADICALS, 
SorsbignN(IMG)) og. coggodene. acer 50127 |, Sodium oxid (Na,O)-.2.225--.- .0141 
Calcraimi (Caines eae eee .9786 | Calcium oxid (CaO) .........:. 123700 
Mapnesinm: (Me) 22.0222. =-- .0639 | Magnesium oxid (MgO)........ . 1066 
Tron and aluminum (Fe),(Al)... .0228 | Iron and aluminum oxids (FeO 
Chlorinn(Ci\aeeee.. ee aceee eer e .0198 and Al, O)}L Sete ur a seeeee ern zoe 
Sulfuric acid ion (SQ4)......... T1407 aC Blorin (Cl) ee eee .0198 
Silicic acid ion (SiOz).......... .0937 | Sulfuric anhydrid (SOz) ....... . 9506 
Siliesa(SiOaya. taste ae ee 0740 


Analysis by E. H.S. Bailey and H. E. Davies. 


White Rock, Jewell County.” 
A spring five miles west of White Rock, Jewell county : 


Grams per liter. 


IONS. RADICALS, 

Socdiunay(iNa\is eee eee .1319 | Sodium oxid (NagO).......... .1778 
IEG tassluma( 1) ee ener ree .1114 | Potassium oxid(K20)......... .1343 
ibd aye, (OM) oo cs ooecocssoecot .0014 | Lithium oxid (LigO).......... .0030 
Calcium (Ca) see ee 0018 | Calcium oxid (CaO) ......--.. -7809 
Meacnesiimmn (NO) n ne eee .4562 | Magnesium oxid (MgOQ)....... . 7604 
Tront (Hig) nae trons erties -00927) Tron oxid) (N6Q) i. =. so wees .0119 
@hloring(Ciieer ce eee S02? Chiorimi( Cla: =. aon steer .0211 
Sulfuric acid ion (SOu)........ 3.1713 | Sulfuric anhydrid (SOs) ...... 2.6428 
Phosphoric acid ion (PQO,).... .0003 | Phosphoric anhydrid (P20;)... .0002 
Boric acid ion (ByO7).......... trace | Boric anhydrid (ByOg) ........ trace 
Silicic acid ion (SiOz)......... | .0265 | Silicie anhydrid (SiOo)........ .0209 

Carbonic anhydrid ... not determined 


Analysis by G. H. Failyer and J. T, Willard, 


59. Trans. Kan. Acad. Sci., vol. XV, p. 87. 
60. Trans. Kan. Acad. Sci., vol. X, p. 63. 
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Wiiliamsburg, Franklin County. 


The water of a well bored on the property of F. H. Welch, 
Williamsburg, has the following composition : 


PARTIAL ANALYSIS, 


Grams per liter. 


IONS. 
Pochume(Na) onset eles . 1565 
Catala leas oo cccyen te eos 9162 
Magnesium (Mg).............. . 4850 


iron (Belews te oases G OLT2 


Whiloninn(@Neesdcsaa: actises ose 2022 
Sulfuric acid ion (SQu4)......... 2.9791 
Silicie acid ion (SiQs)........-. .0851 


RADICALS. 
podrum:oxid'(Na,@)e a... .s ee 2109 
Calcium oxid (CaO)... 1. 1.2820 
Magnesium oxid (MgO)........ 8082 
Trontoxidg(hie©) egress her er 0124 
@hilorint(C]\eee eee cece ar .2022 
Sulfuric anhydrid (SOs) ....... 2.4826 
Silicic anhydrid (SiO,) ..... ee OOT 


Analysis by E. H. 8. Bailey and D. F., McFarland. 


COMPARISON OF SIMILAR WATERS. 


Waters of the sulfate group are especially abundant in Kan- 


sas, and are of great importance 


other localities are: 


Some waters of this class in 


Crab Orchard Springs, Lincokn County, Kentucky. 


Grains per gallon. 
Analysis by R. Peter. 


SodMiM GHlonid.a5.- aes aera he 
RIOCUUUMAS SUL On erect 59.072 
Potasigmrsulfate: s.-.0 6 oe 9.912 
Calcium carbonate............ 53.184 
@alemmsulfatet...c400 22022 10.792 
Magnesium carbonate......... 7.640 


Bedford Springs, Pa. 


Analysis by Doctor Church. 


Sociunm Gh lonidaae. sees arene a 000 
Calcium carbonate............ 8.000 
Calcium sulfate..:............ 15.000 
Calcium ehlorid.... .ceee-s4-- 4 3.000 


Carbon-dioxid gas...... 


Temperature. . 


Magnesium sulfate........... 205.280 
SLI G Aare einen ta: tee tak SOA ae 3.264 
Loss and moisture............ 34.582 

Totalieewn Aste ee 401.454 
Magnesium sulfate........... 80.000 
Tronkcarbonatec...5) ea: 5.000 

Oa eer Re SS ee oe 120.000 


58° F. 
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Ofen, Hungary, Hunyadi-Janos. 


Analysis by R. Fresenius. 


Sodium chloride. = --peease 83.176 | Magnesium sulfate.......... 1077 .635 
Sodium sulfate..........-.-- 1148. 463 "| Iron GAtDOuatas ee sD 
Potassium sulfate........... TTOD RRSUIOD pee a ao en eee oe 654 
Calcium siifates.---- 06 eee e 17.212 Petab Ono fine woe “9437 .741 
Magnesium carbonate....... 42.715 

Free carbon-dioxid........... 217.44 cc. per liter. 


Carabana, Spain. 
Analysis by A. Proust. 


Sodium chiortd. 4,-3.5 > 93.309 | Magnesium chlorid.......... 27.841 
Sodium-sulfate,<: ess. eee 5831.800 | Magnesium sulfate.......... 179.101 
OC IatstC ere teers 2-910 be Aina dl PE pce nao .029 
Sodium phosphate.......... 1,225 Péter ie ae ee 6147 .686 
Calcitumichlorid: >... > - eee 11.471 


Kissingen, Bitter Wasser, Germany. 


Analysis by Liebig. 


Sodium chloridj..)- +2 2eee 464.692 | Calcium sulfate............. 78.643 

Sodiumisulfates----- ae 353.649 | Magnesium carbonate....... 30.367 

Potassium sulfate........... 11.582 | Magnesium sulfate.......... 300.414 

Lithim~ychloridas.45 4-6-2 >- .730 | Magnesium chlorid.......... 229.761 

Ammonium chlorid.......... 169 | Magnesium bromid.......... 6.652 

Calcium carbonate.......... 858 Tdtabeis 2) Cee “4477521 
Free carbon dioxid.......... 184.375 cc. per liter. 


Carlsbad (Sprudel), Bohemia. 
Analysis by Gottl. 


Sodium Chlorides eee ere 69.792 | Magnesium carbonate....... 3.192 
Sodium carbonate........... 72.496 | Ferrous carbonate........... .248 
POGIMIM SUllAte eee weer eee 159.680 | Aluminum phosphate....... 1.720 
Potassium sulfate........... 2-900 || SL Can ee ace. = Meee ee ee 8.416 
Calcium carbonate .......... 16.020 a een ae 334 594 
Carbon-dioxid gas........... 62.40 cubic inches, 
Nitrogen.5) 30 te ae ee 24 ee 


Pullna, Bohemia. 
Analysis by Struve. 


Sodmmisniiate. 2.272. ee- 990.400 | Magnesium sulfate.......... 744.688 
Potassium sulfate.......... 38.400 | Magnesium carbonate....... 51.248 
Calcium sulfate...........- 20.800 | Magnesium chlorid.......... 157 .328 
Calcium carbonate......... 63160 0); Silteaa ee 3 ee ee 1.408 
Calcium phosphate......... 024 Total “9010 .456 
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A Comparison of the Most Important Constituents of the Waters 
of the Sulfate Group. 


Grains per gallon, 


. as : Calcium Magne- 
Nan, colds. | chlorid. | sulfate, | saltate, | ,icar. | sium 
ADilen aye ces Coan 4244 34 4015 47 61 87 
@aniomakermanete os 246 Bl 37 86 24 64 
Warhbondaleteaac: ose. 145 76 37 il LOTS aceetva acts 
Council Grove....... 193 trace 1 OF leo pee 85 
1A bea ee ae in nce 46 Zl eae etre 16 17 5 
Chingawassa... .... 152 2 3 Sine 24 22 
IPATSUNA Wen oe aera 6 405 13 43 58 55 237 
STING s dea a ire 154 4 4 111 ip eee eee: 
Sycamore No.1...... 152 7 1 93 32 16 
Crab Orchard, Ky... 401 17 59 10 58 205 
Bedford. -Pavs. nine 124 SSE hee boca 15 8 80 
Hunyado Janos...... 2437 83 1148 TURE el Wasser crest ate 1077 
Carabaiia, Spain .... 6147 93 DOSS Wis eeentee terse tee 197 
Kissingen, Germany.. 1477 464 353 78 i 300 
Carlsbad, Bohemia... 334 69 DOP Bleeeren tee ANG ie oh ea 
Puillna, Austria...... PAUIKON || eracn Stace 990 20 6 744 


This comparison shows that while these waters usually con- 
tain sodium chlorid, the percentage of this salt is small com- 
pared with the total mineral matter. On the other hand, the 
amount of sulfates is large; in some cases, very large. Car- 
bonates of calcium and magnesium are also present in consid- 
erable quantity, and sometimes enough sodium carbonate to 
give the water a strong alkaline reaction. In addition to mag- 
nesium sulfate, magnesium carbonate and chlorid are also fre- 
quently mentioned. 

Some very interesting comparisons may be brought out, 
showing the value of the Kansas waters. There is a remarka- 
ble similarity in composition between the Abilena and certain 
foreign waters, notably the Hunjadi-Janos, Carabana, etc. 
The water of the Parsons well, a water that has hardly acquired 
even a local reputation for its therapeutic qualities, is very simi- 
lar to that of Crab Orchard, Ky. The latter is used in making 
the celebrated ‘‘Crab Orchard Salts,’’ which are so extensively 
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used in Kentucky and neighboring states as a cathartic. The 
analysis of the Crab Orchard salts, as given by Dr. Robert 


Peter, is as follows : 
100 parts contain— 


Magnesium: sulfate: -a-teea. ter ae ee eee 63.19 parts. 
Hodiumysallatar itso sce, Sete ee eee ee ee A205 Ss 
POLASSIUNTS Wiha ter, dati eee dt et ge ted ee eee diets, Ue rex 
Calcium sulfate tena. ee ee ee Oba. 
Sodininichloride >) + gu ane aah le eee AT 
Lime, magnesia, iron, and silica (carbonates).... sotshe aoe 
STON erst a te tee rd eee ee ea ee trace 
Water of crystallization and loss................. 22.61 *° 
Ota Se cicero 100.00 parts. 


Other waters, like Carbondale and Capioma, contain similar 
constituents, but the waters are more dilute. 

The second class of waters, those in which calcium sulfate 
and magnesium sulfate are prominent constituents, are similar 
to such waters as Bedford Springs, Pennsylvania. 


CHAPTER XII. 


The Chlor-Sulfate Group. 


These are waters which retain many of the constituents of 
the chlorid group, yet contain sulfates in considerable abun- 
dance. They would have the laxative character of the strong 
sulfate waters mentioned in the previous group, but this would 
be somewhat modified by the presence of chlorids and often 
carbonates. 

This group is represented by the following waters: 

Carbondale, Osage county, Merrill spring. 

Great Bend, Barton county. 

Great Spirit Springs, Mitchell county. 

Leavenworth, Mountain Dew. 

Lincoln Springs, Lincoln county. 

Little River, Rice county. 

Marion, Marion county, upper vein. 

Overbrook, Osage county. 

Topeka, Shawnee county, Boon well. 

Topeka, Shawnee county, Phillips’s well. 


Merrill Mineral Spring. 

Southeast of the Carbondale well, on the opposite side of the 
street in a little depression, is situated the Merrill mineral 
spring. The flow of this is said to be 600 gallons per hour, 
and the water is supposed to come from a fissure in the rock 
several hundred feet in depth. It is seventeen feet down to 
this fissure, and a tile two feet in diameter is cemented to this. 
By this means the water is brought to within eight feet of the 
surface, and from this point the water is raised by means of a 
pump and windmill and stored in a large cistern. 

There was a large bath and pavilion, for the convenience of 
visitors, but since their destruction by fire the only improve- 
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ments are the sanitarium and hotel, afew rods to the northeast 
of the spring, in a luxuriant grove. This sanitarium is owned 
by Dr. H. H. Swallow, and here a limited number of patients, 
especially those suffering from nervous diseases, are treated. 
One peculiarity of the Merrill spring is that it contains a con- 
siderable quantity of ammonia. In 1888 this fact gave rise to 
a special investigation by the city of Topeka. It was found to 
contain 0.246 parts in 100,000 of free ammonia, and 0.0018 
parts in 100,000 of albuminoid ammonia. From a personal in- 
spection of the locality, it was evident to the author that this 
large amount of free ammonia did not indicate any contamina- 
tion by sewage or otherwise, but that the ammonia must be a 
natural constituent of the water of this locality. This same 
fact has been observed in reference to numerous other waters in 
the Mississippi valley. 


MERRILL SPRING (NEAR CARBONDALE). 


Grams 
IONS. per liter. 

Sodinns\(Ma)in so ee eee 1.6585 

Caleipm (Ca) crs eee eee -0081 

Magnesium (Mg).............. .0088 

Brow Beye eee ee ee .0006 

AlnmimnmindtAys 324 -e eee .0018 

Chigrin{Gl)\ S20. eee 1.6520 

Sulfuric acid ion (SO4)....... PER RS 

Silic acid ion (SiOsz)..........-.- .0018 

Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon 
Sedium‘ehiorid (NaGl\.<.. 2.27 0202.22. 2.7400 132.44 
Sodium sulfate (NavSOz)...............-.. 1.7590 102.60 
Calcium sulfate (CaSO,)..............5.-- .0088 5.16 
Calcium carbonate (CaCOs)............... .0137 8.00 
Magnesium sulfate (MgSOu.)............... 0333 19.45 
Magnesium carbonate (MgCOs)............ .0077 4.52 
Ivor. earbonatel(WeCOs\e uo e552 eee .0012 .70 
Alninimna (A bOs) snc se ee eee a,  OOS4: 2.00 
Silica (SiGe oer ete ee on eee ee eS 1.50 
Organic and volatile. 34.4 sso) eee .0015 .89 
Traces of potassium, lithium, ammonium. 

Votal solids: eeu Sets oe ee 4.5711 277 .26 


Analysis by Dr, Albert Merrill, St. Louis. 
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Great Bend, Barton County, Mineral Well. 


A well 1100 feet in depth was bored by a gas-prospecting 
company about 1888. Water was struck at a depth of 350 feet, 
and at 1000 feet salt water was found to be abundant. The 
water rises in a four-inch pipe, and runs over the top at a 
height of seventy-five feet from the ground. An analysis of the 
water gaye the following result : 


GREAT BEND WELL. 


Grams per liter. 


IONS. RADICALS, 

SOGIMMAUNG)e eee aoe eo. oss 22.4535 | Sodium oxid (NagO)........... 30.2609 
Walomimit(Gaeaotcte.. 20.5). ty. L661 75) Calcium oxid.(CaO\ =... . 9260 
Magnesium (Mo)/- 226.409 556 5% .6925 | Magnesium oxid (MgO)....... 1.1542 
Aluminmg(Al 0. cot ccs so trace | Aluminum oxid (AlsOz)....... trace 
Ghiorimni (Gyo). ae deers cvs acs Ta ert |] KOleblorotie (OM) coe oo nde be cele 33 .0587 
Sulfuric acid ion (SO4) ....... 4.7876 | Sulfuric anhydrid (SOs3)....... 3.9896 
Silicie acid ion (SiOs).......... .0506 | Silicie anhydrid (SiOe)........ .0400 
Carbonic anhydrid (COz)...... 1.4620 

NWiasters (El s@)) mee er ectentareny .2990 

Oxygen equivalent ........... 7.4711 

Total a re 63.7193 


Grams Grains 


per liter. per gallon. 

SodimmrchlordM NaCl) acm. ee cee 54.5380 3185 .565 
Sodium sulfate (Na2SQO.)............... 3.0001 175 .236 
Calcium: sulfate (CaSO2)..........5..2.. 2.2489 131.358 
Magnesium sulfate (MgSO.)............ 1.4659 85.623 
Magnesium bicarbonate (MgH2(COsz)s).. 2.4264 141.726 
Silica SiO) seems heck eae Ae a aes .0400 2.336 
Auhamirian (Als Oates meds fe sore Seeker aken s trace trace 
DMobal Sete cy te rer aa 63.7193 3721.844 


Analysis by E. H. S. Bailey. 


: Great Spirit Spring, Waconda, Mitchell County. 

This is without doubt the most interesting and the best- 
known mineral spring in Kansas. It is situated at Waconda 
station, on the Central Branch of the Missouri Pacific railroad. 
Tradition tells us that from the earliest times the Indians who 
hunted over these plains held this spring in devout reverence. 
We quote from the description by Professor Patrick :" 


61. Trans. Kans. Acad. Sci., vol. VII, pp. 22-26. 
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‘‘The spring, distant from Cawker City about two and one- 
half miles, in a southeasterly direction, is just within the 
lower bottom of the Solomon river, being perhaps 300 feet from 
the first terrace, and about sixty rods from the present bed of 
the river. It flows, not after the manner of most springs, from 
some hidden nook or cavern, but from the summit of a nearly 
symmetrical mound, shaped like a low-statured sugar-loaf, or, 
to be more mathematical, like a truncated cone. This mound is 
forty-two feet high (see frontispiece), nearly as level on the top 
as a floor, and in the center of this small table-land is found the 
spring itself, which is quite as remarkable as are its surround- 
ings. Instead of a gurgling rivulet, trickling away among the 
rocks, the visitor sees before him a smooth, almost motionless 
body of water, more than fifty feet across, and filling its basin 
to overflowing; or, if not to actual overflowing, so near it that 
its surface appears to be upon a level with the top of the 
mound, and in imminent danger of flowing over at any and all 
points. The only reason why such overflow does not occur is, 
that the rock forming the mound is very porous, and affords in- 
numerable minute outlets, just equaling in combined capacity 
the subterranean inlet. 

‘*The dimensions of the mound and basin areas follows, from 
actual measurements: Height of mound, 42 feet; diameter at 
base, 300 feet; diameter at top, 150 feet. The basin, shaped 
like a funnel, or better, like an inverted cone, is 35 feet deep at 
the center; its diameter at top, from ‘water’s edge to water’s 
edge,’ is, north to south, 52 feet 4 inches; east to west, 56 feet 
8 inches. These figures show the surface of the pool to be very 
nearly circular. The limestone stratum enclosing it like a ring, 
of almost uniform width, makes a fine driveway for carriages, 
which find an easy ascent at one especially favorable point. 

‘*The reverence with which the Indians have always regarded 
the ‘Waconda’ spring is worthy of notice, as exhibiting in a 
marked degreee some mental traits of a race destined soon to 
pass away. Upon this subject my knowledge is all at second- 
hand, but I am fortunate in having the following statement 
from one of the earliest settlers of Mitchell county, now a resi- 


University Geological Survey of Kansas. Vouume VII. PLATE XX, 


Southern Exposure of ‘Great Spirit Spriog Mound. 
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dent of Cawker City, a man whose character vouches for the 
truth of his words. In response to a request from me, he 
writes: ‘In answer will say, that through Indian interpreters 
I have the statement from various tribes visiting our spring, 
that Waconda, the daughter of a great Indian chief, at one time 
became infatuated with the son of anotherchief. The two tribes 
met at the spring, and, being hostile to each other, the inti- 
macy was strongly opposed by the parents, and a conflict en- 
sued. The lover of Waconda, being wounded and weak from 
loss of blood, fell or was hurled into the pool, whereupon Wa- 
conda plunged in after him, and both were drowned. Ever 
since the spring has been called ‘‘ Waconda,”’ or the ‘‘ Great 
Spirit’’ spring, and the Indians believe that the spirit of Wa- 
conda still dwells in the mound, and sometimes becomes offended 
at bad Indians, and throws up vast volumes of water, drowning 
them. The Pottawatomies, who have often been through here 
in their hunts since this country was settled, could never be 
prevailed upon to pass the spring without stopping to have a 
regular powwow and dip their arrows into its waters. On one 
occasion we invited 300 Indians, who were on a buffalo hunt, 
and were camped near the spring, to come up to Cawker City 
and give us a war-dance. They accepted, but on no condition 
would they come until they had been to the spring and daubed 
their faces and ponies with the gray mud from its banks, and 
when they came their appearance in the light of the bonfires, 
built for the occasion, was frightful in the extreme.’ 

‘‘From the same gentleman, as well as from others, I learn 
that many relics have been fished from the pool, including bows 
and arrows, a bent rifle or two, arrow-heads, colored stones, 
medals and beads (one medal bearing the stamp, ‘The Fur Com- 
pany of 1844,’ and the figures of a white man and an Indian 
making friends over a pipe of peace), articles thrown in proba- 
bly to propitiate the Great Spirit.”’ 

This spring reminds one of the High Rock spring of Sara- 
toga, N. Y., which was frequented by the Indians: as early as 
the fourteenth century. It was called by them the ‘‘ Medicine 
Spring of the Great Spirit.”’ Professor Chandler, in writing 
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of the High Rock spring, says: ‘‘The spring rises in a little 
mound of stone three or four feet high, which appears like a 
miniature volcano, except that sparkling water instead of melted 
lava flows from its little crater. When Sir William Johnson 
visited the spring, in 1767, the water did not overflow the 
mound, but came to within a few inches of the summit, some 
other hidden outlet permitting it to escape.’’ This small 
mound was afterwards undermined in order to repair the spring, 
and under it were found four logs, two of which rested on the 
other two at right angles, forming a curb. These rested on the 
black soil of a previous swamp. It was evident that the rock 
was built up by a deposit from the water. 


IMPROVEMENTS. 

The property has been in litigation in various actions almost 
continuously for twelve or fifteen years, and on this account 
comparatively little was done towards its development for some 
time. There is, however, a hotel with accommodations for 
twenty-five guests. Hot and cold baths are provided. The 
present proprietor is G. W. Cooper. The grounds in the vicin- 
ity of the sanitarium have been graded, and 600 shade-trees are 
growing. Not less than $10,000 has been expended in fitting 
up the property. About 300 cases of the water were shipped 
last year, besides large quantities sent away in jugs and kegs. 

From an examination of the locality made by the author,” it 
is shown that ‘‘there is but little indication of organic matter 
in the water of the large spring, though there is a slimy white 
deposit adhering to the bottom and sides, but the water is 
colorless, clear, and transparent. The excess of water, instead 
of overflowing the bank, escapes by numerous small fissures, 
from ten to twenty feet down on the sides, especially on the 
side away from the bluff. In these lateral springs there is an 
abundance of green alge and a whitish scum, which seems to 
be detached from the bottom and to float to the surface. This 
has a slimy, granular feeling, suggesting in a very marked 
manner hydrated silica. 


62. American Chemist, vol. IT. 
63, Kans. Univ. Quart., vol. I, p. 85. 
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‘‘The mound is situated within 200 feet of a limestone bluff, 
which rises perhaps twenty feet above the level of the spring. 
The natural inference would be that the harder material of the 
mound protected it from erosion, which carried away the rock 
in the valley of the Solomon on the south, and the rock be- 
tween the spring and the bluff. 

‘‘Ts it not possible, however, that the mound has been really 
made by the successive deposits from the spring? Although 
the mound is plainly stratified, this need not interfere with the 
theory, for the water may have been intermittent in its flow. 
The rock is very porous, and on being ground to a thin section 
is shown to be concretionary in structure. 

‘‘An analysis of the water of the spring showed that it con- 
tained over 1120 grains of mineral matter per gallon, of which 
775 grains were sodium chlorid and 206 grains sodium sulfate, 
with 66 grains of magnesium sulfate, 41 grains of magnesium 
carbonate, and 31 grains of calcium carbonate. An analysis 
by the author shows that there are 0.874 grains of silica. 

‘‘Samples of the rock composing the mound and of the ad- 
joining bluff were secured, and comparative analyses made, 
with the following result: 


Country Great Spirit 
rock. mound. 
Silica and insoluble residue................. 2.14 4.10 
Oxides ofiron and aluminas 4-6... ose 3.22 2.66% 
pulfune anhydrds ad. oe wee eee eee .00 0.34 
Carbon aioxid 22s ete ee ee 40.90 39.10 
alent Oxide oe a ee 51.90 41.28 
Mapniesittn.oxid sence. ee eee .63 1.15 
Water and organic matter undetermined..... 1.21 3.37% 
100 100.00 
Speciic pravityate ss ee ee eee cee 2.52 2.79 


‘The rocks are entirely different in appearance and structure, 
that of the mound being twice as hard as that of the bluff. 
The former contains much organic matter, as is shown by 
blackening when it is heated in a tube and by its giving off a 
characteristic odor. The iron is practically of the ferrous va- 
riety, probably combined with carbonic acid’, and the rock con- 


64. Mostly FeO., and so calculated. 
65. With alkalies. 
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tains traces of chlorids. The particular sample taken was at 
some distance from the spring, and had been thoroughly ex- 
posed to the weather. 

‘‘The rock of the mound is of just such a character as might 
have been built up by deposition from the water, as it contains 
the least soluble constituents of the water. The process of solidi- 
fication would have been assisted by the silica in the water, 
forming insoluble cementing silicates, as noticed by Professor 
Patrick. The analysis given above shows that there is abun- 
dant silica in the water for this purpose. 

‘‘Mention has been made of the organic growth in the adja- 
cent springs. The mixed scum, on being heated, changes from 
a dull green to a vivid grass green, and if ignited it swells up 
and emits an ill-smelling vapor, which is evidently nitrogenous 
in its character. A grayish white ash is left, which contains 
much carbonate of lime. This is evidently freshly deposited, 
as it is entangled in the alge in granular lumps. 

‘‘A specimen of the white scum noticed above only slightly 
mixed with the green alge, was analyzed. The acid solution 
of the ash contains 1.26 per cent. of soluble silica. This was 
of course combined silica, probably calcium silicate, which be- 
comes the cementing material in the rock. In another sample 
of ash, after removing all the substances soluble in hot water, 
the residue was found to contain 76.46 per cent. of silica.’’ 


GREAT SPIRIT SPRING (WACONDA No. 1). 


Grams per liter. 


IONS. RADICALS. 

Soaitums(Na)ee sent a see Goole wl Soditm: oxidy(Nac@)iee-. 8.6008 
@alcramACGay rr sccs< acne ce ow Bibs | Calcnumroxtan(Ca@) tae secre te de .8014 
Magnesium (Mg)............. .4271 | Magnesium oxid (MgO)....... .7124 
Chiloriny (Cl eermscet as sce one SA0507 oe hl orinn (])\ seer erence 8.0567 
Bromine eee oe 20031 eBrominng (Sr) sae err .0031 
Sulfuric acid ion (SQO,)........ 3.3054 | Sulfuric anhydrid (SOsz)....... 2, 7591 
Nitrous acid ion (NQq)........ trace | Nitrous anhydrid (N2O3)...... trace 
Silicic acid ion (SiOs)......... Ace wT oiliCal(SiOs) heme eee eee eee ee trace 
Carbonic anhydrid (COs) ..... 1.2016 

Wratera (ts @))oars ser cere seueied ees 2474 

Oxygen equivalent............ 1.8210 

Gtalas wares ce teen 20.0611 


66. Trans. Kans, Acad. Sci., vol. VII, pp. 22-26. 
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Hypothetically combined as follows : 


Grams Grains 
per liter per gallon. 
Sodium) chilorids(Na@l pares s ce aee eee 13.2913 780.202 
Sodium bromidu( Nat ears: se eee .0040 234 
Sodium sulfate (Na2SO4)............-.-- 3.5385 206 .572 
Calcium bicarbonate (CaHo(COs)s)....... .8720 50.933 
Magnesium bicarbonate (MgH2(COs)s).... 1.2226 71.412 
Magnesium sulfate (MgSOy)............. 151327 66.161 
Silica i(S1Oo)\ en aoe aoe eee eee trace trace 
Nitrous acid (NO seers ee minute trace minute trace 
Organicsmattenncr ss sie eae eee none none 
MO GSS aye eee tee kay ee ee 20.0611 1168 .842 


Analysis by Prof, G. E. Patrick. 


GREAT SPIRIT SPRING (WACONDA NO. 1.) 


(New analysis, 1901.) 


Grams per liter. 


IONS, RADICALS. 
SSCL UII (Nic) eeeeeny eee ene ec 6.3075 | Sodium oxid (Na2Q)...... 
Calciumy(Ca\arees ere .1443 | Calcium oxid (CaO).... .- 
Magnesium (Mg) ............ .38940 | Magnesium oxid (MgO)... 
Trong(E.e)on5 accents One BO0GO™|5 Lronoxid:((Bie© leer eee ae 
C@iilorini (©) eee (e010 We Chioring(©le a ee eee 
Sulfuric acid ion (SO,)........ 3.3475 | Sulfuric anhydrid (SOs). . 
Silicie acid ion (SiOs)......... .0218 | Silicic anhydrid (SiOe)........ 
Carbonic anhydrid (COz)..... 
WaterttEs@O}meonss ooe- er 
Oxygen equivalent ....:.2.22: 


Dota eee ca ae eee 


Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon. 

Sodium chlorid (NaCl).............. 12,8238 749.0381 
Sodium sulfate (Na2SO.) ..... ..... 3.7949 221.6600 
Sodium bicarbonate (NaHCOs)...... .0987 1.0046 
Calcium bicarbonate (CaHe(COs)z).. . .5852 34.1815 
Magnesium sulfate (MgSQu.)......... .9786 57.1600 
Magnesium bicarbonate (MgH2COs), 1.2085 70.5884 
Iron bicarbonate (FeH2(CO3)s)....... .O191 1.1156 
Silica n(Si@s). ene anh ee oe .0172 5.7650 
Totalsecnean ceo er ee ee 19.5260 1140.5132 


Analysis by E. H.S. Bailey and D, F, McFarland. 
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Great Spirit Spring No. 2. 

It may be of interest in this connection to note the character 
of another spring in the immediate vicinity.” This spring, 
‘*Waconda No. 2,’’ is about half a mile southeast of the Great 
Spirit spring. It is surrounded on three sides by the bend of 
the river, and though water cannot be seen to come up through 
the rock, there is probably a rock deposit beneath the alluvium 
of the valley and no doubt the water comes up through the 
crevices of thisrock. This spring has the following composition : 


SSGREAT SPIRIT SPRING (WACONDA NO. 2). 


Grams per liter. 


IONS. RADICALS. 

TEOUCETTIO TT Wl 6G eee Gane etne ta ae .1759 | Potassium oxid (K20)......... .2120 
POCA CNG) 5, Hon cites wo ees aS 5.5890 | Sodium oxid (NazO).......+... 7.5330 
@alotumr (Oa) ices hes aici oe .2761 | Calcium oxid (CaO).......... . 8866 
Mapnestum: (Mim). a2. conus oe .3689 | Magnesium oxid (MgQO)....... .6148 
Alaumimum(Aly oo... 5. cq: - .0089 | Aluminum oxid (AloOs)....... .0166 
Ginloring (Cl) Soc eee oe e4000s eChiorinn(Cliz. eee eee 7.4000 
Sulfuric acid ion (SO,)......... 3.2362 ; Sulfuric anhydrid (SOs) ...... 2.6950 
Boric acid ion (BsO7) .......... trace | Boric anhydrid (BsO¢) ........ trace 
Silicic acid ion (SiOs).......... FOL4Se = Silican(Si@s\kacemcm ere tree .0153 
Carbonic anhydrid (COz)...... .6886 

Waters (Hs Oman am ete . 1406 

Oxygen equivalent........... 1.6720 

Total enn ah See 18.0305 


Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon. 

Potassium sulfate (KeSO,).......2..-.::: . 3924 22.9201 
Sodium chiorid (Na@l)\ee...24 sees 12.2084 713.0926 
Sodium sulfate (NaeSOse--- 2.22. ee 2.4112 140.8382 
Sodium biborate (NaeBsO7).............. trace trace 
Calcium bicarbonate (CaH»(COs)2)....... 1.1185 65.3315 
Magnesium sulfate (MgSO, ............. 1.7349 101.8083 
Magnesium bicarbonate (MgH2(COs3)z)....  . 1331 7.7749 
Aluminum oxids(AjeOs)\ so. 5 22 cee eee .0166 . 9696 
Silican(SiOp are. sess cen ass eae ses .0153 . 8936 
(POtaIS Meee e A kao pone ne ere Se 18.0305 1053 .6289 


Analysis by E. H. S.Bailey and M. E. Rice. 


67. Trans. Kans. Acad. Sci., vol. XIV, p. 4). 
68. Kans. Univ. Quart. 
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Comparing this water with that of the Great Spirit spring as 
stated above, and supposing the two waters to be combined as 
has previously been noted, the comparison would be as follows: 


Grains per gallon. 


Waconda Great Spirit 
No, 2. spring. 
Potassium sulfate (KsSO.)..............- ip ee Ud | nn IES 
Sodiumyrsulfate (Nas SO.) eee eee 143.065 206.357 
Sodium chlonid(NaG@i) jee see eee 711.147 775.703 
Sodium bicarbonate (Na, B07) ..... porate AUEACOT I Rte ee 
Calcium bicarbonate(@ak (© Os)o i oa ee 
Magnesium bicarbonate (MgH.(COsz),)... ....... ss se ee 
Magnesium sulfate (MgSOu:)...........-. 99.093 66 .050 
Tron and alumina (Al,O3, Fe,Oz)........ . 969 eee 
Silicat(SiOs) tes qeencr saceeee eee eerie .0892 .0874 


It will be readily seen that these waters are much alike, and 
that the important constituents are in about the same propor- 
tion. As would be expected, the spring in the valley, subject 
to erosion by high waters, would not show the same tendency 
to build up a mound as one situated on high ground. 

There is still another spring a short distance south of this 
just described, which is immediately in the bed of the river, 
and covered by the stream during high water. 


Leavenworth, Mountain Dew Spring. 
(Home-Riverside Coal-mining Company.) 
The water of this spring or well is obtained at a depth of 
sixty feet in the No. 1 plant of the Home mine. The water is 


discharged by the continuous operation of a Deane pump, with 
three-fourths-inch discharge. 


Grams 

IONS per liter. 
Sodiruma(Na)eecs eee ee .1450 
@alenmnin(@aee eee rae -2115 
Mapnesiumi(Mp) nn. se sae . 1096 
Inons(Be)iicgrcnssrsc caso k ce a eras .0014 
C@hioring(C)) eee eee 1321 
Sulfuric acid ion (SO4).....-.... .8331 


Silicic acid ion (SiOs)............ .0282 
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Hypothetically combined as follows: 


Sodium chlorid (NaCl)......... 
Sodium sulfate (Na,SOu)....... 
Calcium sulfate (CaSQO.)....... 
Calcium bicarbonate (CaH,(COs),).......... 
Magnesium sulfate (MgSQ,).... 
Iron bicarbonate (FeH,(COs),)............. 
Silican(SiO eee. seuss, rae ee 


Grams Grains 

per liter. per gallon. 
ae Oe oe .2180 123 
Se rin Ay Bee . 1820 10.62 
Deo orient Ne 3839 22.40 
. 3890 22.70 
Seen CoA .5488 32), 12 
.0046 27 
SS Lr .02238 1.30 
Ahonen erie 1.7486 102.14 


Analysis by O. F. Stafford. 


LineolIn County. 


There are three springs located eleven miles northwest of 


Lincoln Center. 


This locality is something over twenty miles 


southeast of the Great Spirit springs, at Waconda, in Mitchell 
county. The exact location is on the southwest quarter of sec- 


tion 1, township 10, range 8. 


No improvements have been 


made on the property. The analysis made in 1887 is as follows: 


LINCOLN SPRINGS NO. l. 


Grams per liter. 


IONS, 
NodEane (Nayeesss a steee aetoeke 6.9939 
PoOtaASSINTIN (EG) ae ee ee eck OF 74 
Pathiume (is ase oe ee Ue eal 3, .0002 
Wileniim (Ca) cces nce a eee ee . 2858 
Magnesium: (Mp) 2.2 3-22 724.52 . 3990 
Fronmi(Biejaei 8 o- ce. te ete .0225 
(ATMA AL) caskets aale .0002 
@hlorini(C@l i eee ee ore ee 9.2465 
Sulfuric acid ion (GO,)......... 3.1092 
Boric acid ion (BsQ7) .......... .0049 
Nitric acid ion (NOs) .......... trace 
Silicic acid ion (SiO3).......... .0683 


RADICALS. 
Sodium oxid/(Na,O).......<.. 9.4258 
Potassium oxid (K,O)........ . 1054 
Lithium oxid (Li,O)......... O04 
Calcium oxid (CaO).......... 4002 
Magnesium oxid (MgQ)....... 6651 
ronoxtda(He@) kone ce ee 0290 
Aluminum oxid (Al,QOs)....... 0005 


C@hilorini(Gl\e an eee caer 9.2465 


Sulfuric anhydrid (SOs3)...... 2.5910 
Boric anhydrid (BsO¢) ........ .0044 
Nitric anhydrid (N,Os3)....... trace 
Silicic anhydrid (SiO,)........ 0540 
@reanicamatternan a ata acs . 1000 
Carbonic anhydrid (CO,)..... 1.2502 
Waters (ELS ©) freee tents rein os 2557 
Oxygen equivalent........... 2.0897 
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Grams Grains 

per liter. per gallon. 

Sodium chlorid (NaCl).................. 15.2496 890.729 
Sodium bicarbonate NaHCOs).......... .0840 4.906 
Sodium sulfate (Na,SO.)................ 2.9611 172.968 
Sodium biborate (Na, BsO7).............. .0070 .408 
Sodium nitrate (NaNOs)................. trace trace 
Potassium sulfate (K,SOs).............. 1950 11.389 
Lithium (ehlorid (hi@l).. 26-27. 2.-- eee ick, 428: .075 
Calcium sulfate (CaSOz) ..... =. oc .9715 56.746 
Magnesium sulfate (CaSO,)............. .3930 22.955 
Magnesium bicarbonate (MgH.(COs),)... 9495 113.871 
Iron bicarbonate (FeH,(COsz),).......... .0720 4.205 
Alumina s(Al;Os) ssa ts se .0005 .029 
Siltes(SiOa) ee oe ea eee ae 0540 3.145 
Orranic, IRAtleE no ye a 2k ee eee 1000 5.841 
Total ess ect oe oe ee ee 22.0385 1287 .267 


Analysis by E. H.S. Bailey and E. C. Franklin. 


LINCOLN SPRINGS NO. 2. 


Grams per liter. 


IONS, RADICALS, 
Botasshuta (IG\n eee .0516 | Potassium oxid (K:0)......... 
Sodim:(Nayere.: =o tee 7.5662 | Sodium oxid (NazO).......... 
Eithinm. (Lili, 22 =) ae eee 00M ) Rithitim oxid(hinO) -..22 2... 
Cale: (Ca) Ae ae 2 eee .8091 | Calcium oxid (CaO) ....-..... 


Magnesium. (Meg).. .225. 2.2225. 


Ironi(le) oe aces ee eee .0008 
AMfaraniiin (ALS pen a ee .0021 
Chiorin (Clyt- eee pee 10.5251 
Sulfuric acid ion (SOQ4)........ 3.5268 
Boric acid ion (BsO7).......... .0012 
Nitric acid ion (NOs).......... trace 
Silicic acid ion (SiOs)......... 0145 


Specific gravity.......... 


Magnesium oxid (MgO)....... 
trontoxidi(HeO)}e ek en eee 
Aluminum oxid (AlsOs)....... 
@hlorin'(Cl)\sae. ec eee eee 
Sulfuric anhydrid (SOs) ...... 
Boric anhydrid (BsO¢) ........ 
Nitric anhydrid (N2O;)........ 
Silica (SiOe)...... PEAS Cie ae 
Carbonic anhydrid(COz)...... 
Water (HsO). 9c. a neoe ee oe 
Oxygen equivalent............ 


0622 
10.1979 
.0262 
.4329 
. 7886 
.0020 


2.3785 
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Combined as follows: 


Grams Grains 

per liter. per gallon, 

Sodium bicarbonate (NaHCOs)........ .0840 4.9064 
Sodium biborate (Na2ByO7)............ .0065 .38796 
Sodium nitrate (NaNOs)............... trace trace 
Sodium sulfate (NaoSOu).............. 2.29538 134.0689 
SodirumyehionidiNa@l) eo. sen... os cnn: 17.2617 1008 . 2569 
Potassium sulfate (KsSOu4)............. 1152 6.7288 
Lithium chlorid (LiC))...5.0.......... .0740 4.3213 
Calcium sulfate (CaSQy) 2.0.0.6. cian 1.0511 61.3947 
Magnesium sulfate (MgSOu.)........... 1.5854 92.6032 
Magnesium bicarbonate (MgHo(COs)s).. . 9497 55.4719 
Tron bicarbonate (FeH2(COs)2)......... .0051 .2978 
BAUM Las CAC) Eeemieere ie ie cies: .0047 .2745 
SRE GOR IOD od eters Gs nt nance enna crs .0115 .6717 
Ota saree eee Vora ne 23.4442 1369 .3757 

Analysis by E. H. S. Bailey and E. C. Franklin. 
LINCOLN SPRINGS NO. 3, 
Grams per liter. 
IONS. RADICALS. 


Potassium (K)...... 
Sodium (Na)....... 
Hhyeharm (lai). ot. 
Calcium (Ca)....... 
Magnesium (Mg)... 
Front he).. + eee 
Aluminum (Al)..... 
CGhiorm (El)... .722 


Sulfuric acid ion (SOu)........ 3.7291 | Sulfuric anhydrid (SOs) 

Borie acid ion (B4sO7).,........ .0038 | Boric anhydrid (BOs) ... 
Nitrio acid ion (NOs). +....... trace | Nitric anhydrid (N,Os)... 
Silicie agid ion (SiOs)......... Hoe |) PSYC IST OR ome cnoaae Gee 


14—vii 


Ae RES .0070 | Potassium oxid (K,O).... 
Se Ae ee 8.4127 | Sodium oxid (Na,O)..... 
2 Se nae TE .2122 | Lithium oxid (Li,0).... 
Rs BN rtd en .2456 | Calcium oxid (CaO)..... 
Jeet Regt .2867 | Magnesium oxid. (MgO) 
Se haere COOHES)| Plronsoxidy(Hie®) ie aeneeer 
Pie .Q018 7 Aluminum oxid (Al,Os).. 


PE 


bre Meese LORGS5SGm tC hioriny (Claas neers nee 


Carbonic anhydrid (CO,) 
Water (il ©) heres eras 
Oxygen equivalent...... 
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Hypothetically combined as follows: 


Grams Grains 

per liter. per gallon. 
Potassium sulfate (K,SO,)..........-- .0158 . 9228 
Sodium bicarbonate (NaHCO,)........ .0588 3.4345 
Sodium biborate (Na,B4O7)............ .0083 .4848 
Sodium nitrate (NaNOsz).............. trace trace 
Sodinmi sulfate (Naps Onn seweea eee 3.9194 228 .9321 
Socmmm chioridi@NaGl\teneceee eee 17.5265 1023 .7228 
loiedongunncy ClailversrelAb MON gong com wand Fo a OTEO 4.3223 
Calcium sulfate (CaSO4).............. . 8359 48 .8250 
Magnesium sulfate (MgSOu.)........... .6007 33.0869 
Magnesium bicarbonate (MgH,(COs),), 1.0171 59.4089 
Iron bicarbonate (FeH,(COsz),)........ .0078 4264 
HULA UMNO ae a. daoodsnsone sossoe 00384 . 1986 
CAT (Si Oks) aa aeee pee tictaciee en e eeees 2123 15.9050 
Potala siecere-sur bros ceoee o.c onecis Sakae 24 3395 1421.6701 


Analysis by E. H. S, Bailey and E. C. Franklin. 


Little River. 


On the farm of A. G. Wolf, near Little River, Rice county, a 
well was dug to the depth of seventy-five feet and then drilled 
into rock, in and below which was found an abundant supply 
of water. This is interesting as showing the saline character 
of the water at thisdepth. At greater depths, in nearly all sec- 
tions in this locality, salt beds have been disclosed by the pros- 
pector’s drill, and at Lyons and Sterling notably the salt is 
mined or the salt water is pumped from the well and used for 
the manufacture of salt. The qualitative analysis of the water 
of the Wolf well shows that it contains 547 grains of mineral 
matter per gallon, about half of which is sodium chlorid, the 
remainder calcium sulfate, calcium carbonate, magnesium car- 
bonate, sodium carbonate, with traces of other substances. The 
water is alkaline to test paper. So far it has only been used 
locally for skin diseases, though it is claimed to be valuable in 
diseases of the alimentary canal. Although this water is in 
reality a brine, yet cattle after a short time become accustomed 
to its use and seem to thrive upon it. 


BAILRY. | 


IONS, 


Sodium (Na)....... 
@alonmy(@a)s... 2. 


Magnesium (Mg) 


Tropi(he)e ance ee 
@hlorinn(Gliiea.. 6 
Sulfuric acid ion (SO,) 
Silicie acid ion (SiOs) 
Organic matter..... 


Mineral Waters. 


Marion Well (Upper Vein). 


For description, chapter X, 


Grams per liter, 6 

RADICALS. 
3 Sete A 4499) | Sodium oxid (NasO)).. 2. <...- 
Fase eNO aan 18815 |- Calcium oxid (CaO).o7.......- 
Aten SOC eee .2239 | Magnesium oxid (MgO)........ 
FRE Se ty See OOSOmF Lroncoxids(HGO)aan co. ene enn nate 
ey eek oiste) |) TChalonsiiay, (OM) an oh digo does conus 
Brod Sores 1.6482 | Sulfuric anhydrid (SOs) ....... 
ae esas MOPS Ns folete SMO acc sece acon denmaaee 
Ey cm aa trace | Carbonic anhydrid (COz)...... 
Water (HsO) Ma aa teea.ocaaes 
Oxygen equivalent ............ 
Total ethers eta versace ae 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
mocumiychlorid (NaCliizu. se eeoaeeen ea: . 9525 55.6355 
Sodium stittate: (NagSOs).. yan eee 19331) 13.6154 
WOGLaMAnyCnrOsmfAte science ac sere veces trace trace 
Calcium sulfate (CaSOy)....5.-60.4865)5 .8351 48.7782 
Magnesium sulfate (MgSQu.)............. 1 gS) 65.4133 
Calcium bicarbonate (CaHo(COs)2)....... .5496 32.1021 
Iron bicarbonate (FeH2(COs)2)........... .0124 . 7243 
Si bYer ISTO! eamerrirsany Ome any eee rt ara! .0216 1.2616 
Potala nce ee ee ease ee oases 3.7242 217.5304 
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Overbrook, Osage County. 
SCHOOL DISTRICT NO. 96 WELL. 


At Overbrook, Osage county, a well 144 feet deep was dug on 
the property of school district No. 96. The water was reached 
when it was down 122 feet. On account of the large amount of 
salt in the water, vessels in which it stood soon became in- 
crusted. This well is located three miles south and one and 
one-half miles east of Overbrook. There are other wells within 
a mile of this which are deeper, but the water has an entirely 
different composition. The water attracted attention on ac- 
count of the large amount of mineral salts which it contained, 
and the analysis given below shows that the water is not suita- 
ble to use as an ordinary potable water. The analysis is as 


follows: 
SALINE-GYPSUM WELL.” 
Grams per liter. 
IONS, RADICALS. 

Mod inmi( Nay get ana tee ot 1.5841 | Sodium oxid (NasO)........... 2, 1352 
Calerumi(@a)\ee ae oo ae eee .4288 | Calcium oxid (CaO)........... 6004 
Magnesium (Mg).............. -0357 | Magnesium oxid (MgO)........ 0596 
Fronts) it miter teaser -0120 | Tron oxid (Fe2Os).............. .0154 
@hieriny( Cli ye. sae nee 2.4220 | Chlorin (OG ke ee ton a 2.4290 
Sulfuric acid ion (SOu)......... .9446 | Sulfuric anhydrid (SOs)........ 7872 
Silicic acid ion (SiOs).......... O694:| Silica (SiOsi as. aes eee 0548 
Carbonic anhydrid (COs2)....... - 2445 
Water (sO) ceo eee 0559 
Oxygen equivalent ............ 5464 
Totaly seas ee eee 5.8286 


Grams Grains 
per liter per gallon. 
Sodiumbechloridh (Na ©) ieee eres 3.9911 233.1201 
Sodium bicarbonate (NaHCQOs).......... .0451 2.6343 
Calcium sulfate (CaSO,4)................ 1.1302 66.0151 
Calcium bicarbonate (CaH2(COs)z) ....... .3905 22.8091 
Magnesium sulfate (MgSOu,)............. .1788 10.4437 
Silica SiOs)k adaseetoe ea ae ere eee .0548 3.2008 
Totals. a: Actas ce eee eee 5.7905 338 . 2231 


Analysis by E. H. 8. Bailey and H. E. Davies. 
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Boon Mineral Well, Topeka. 


This well is situated at 618 Fillmore street, just south of the 
dwelling of W. J. Boon. The well, which was dug in 1884, is 
sixty four feet deep, forty-eight feet being in the rock. The 
pump is arranged to deliver the water to a tank-wagon, from 
which it is sold to customers. Quite a business is carried onin 
the manufacture and sale of carbonated water as well as in the 
sale of natural water to customers in the city. 


BOON MINERAL WELL, 


Grams per liter, 


IONS, RADICALS. 

Sodium (Na) .. 0.6. 26s. rca ness 1.0310 | Sodium oxid (Na2O)........... 1.3912 
Galommsy (Ga)c oo... . .ciess kc .0958 | Calcium oxid (CaO)........... 1341 
Magnesium (Mg)... ......~+». .0439 | Magnesium oxid (MgO)........ 0452 
Chlorin (Cl)................... Teese COblorin (Ol): es shee onda es’ 1.4240 
Sulfuric acid ion (SOx)......... .2602 | Sulfuric anhydrid (SOs) ....... 3718 
Carbonic anhydrid (COz) ...... .0742 | Carbonic anhydrid (CO:)...... 3.2236 

Silicic acid ion (SiOs).......... 0005 (Free and combined.) 
Silicas(Si@b) weeemnccre se eee trace 
@Oncanicanatterea-nn yee 3.0000 
Oxygen equivalent ............ 3218 
POtaluae reer tear eee eres 9.2681 


Grams Grains 
per liter. per gallon, 

Sodtam iehloridh(NaGlss. 4.405 4e. saat ee 2.3493 137. 
Hodiumegulfates(NasSOs),. 25 cases cates .38299 19.2 
Calcrumisulfate (CaSOier.s- jacmacnes ae. .3160 18.4 
Calcium carbonate (CaCOQOs)................ 0074 4 
Magnesium carbonate (MgCOs)............. . 1355 6.8 
SU LCA SLOs) wee eereer creer ear ne rear eaves vars trace trace 
Oreanicumattoraeman ox-csan sae ets morta 3.0000 173.0 
Free carbonic anhydrid (CO2).............. 3.1300 182.4 
AMON Ss wsen 2ere mc ccc pera ca aeere etre 9.2681 541.4 


Analysis by J. T, Lovewell. 
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Phillips’s Mineral Spring, Topeka. 

At 612 West Eighth street, in the city of Topeka, is situated 
a mineral spring that has attracted considerable attention. 
This spring or well is thirteen feet and four inches in depth, 
and the water rises within five feet of the surface. The water 
is brought to the surface by means of a chain pump, and is 
daily delivered to customers throughout the city. The well 
is covered by a small building. The analysis of this water 
was made in April, 1888. Another analysis of the same water, 
made independently at the same time, by W. B. Church, of 
Topeka, formerly chemist of the A. T. & 8S. F. railway, gave 
results that substantially agreed with those given below: 


TOPEKA (PHILLIPS’S MINERAL SPRING). 
Grams per liter. 


IONS. RADICALS, 
Potassiam (EK) see iter ne trace | Potassium oxid (K:O)......... trace 
Sogium (Na) pereeeces eee .5880 | Sodium oxid (NazO)............ . 7933 
Calcitim\(Ca)eay es eee 70004, |(sCaleiumioxidi(Ca@)m.a sees se .4625 
Macnesiumy (Mic)errese emcee .1004 | Magnesium oxid (MgQO)........ 2090 
Tron (Heys atte acts ae seen ars (OOL4 | hronvoxichi(he@) teense aoe acronis .0017 
@hlorint(©]\steeeerrce cee aces ROUP MeN Gl Mains MOM Agama Meme os obeSole .3727 
Sulfuric acid ion (SO4)......... 1.2352 | Sulfuric anhydrid (SOs)...... : 120293 
Silicic acid ion (SiOz).......... OLOS a Silica (SiO>\s ese ees .0158 
Carbonic anhydrid (COz)....... .7200 
Water (EO) Maes sears 1470 
Oxygen equivalent............. .0842 
'Potalis sor doar se eee 3.6670 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon, 
Sodium sulfate (NaoSOy4) ................ 1.0702 62.5104 
Sodium bicarbonate (NaHCOs).......... trace trace 
Sodiumuchiorady(Na@ lie eee 6142 35.8754 
Potassium sulfate (KeSO4)............... trace trace 
Calcium sulfate (CaSQu4)................. . 1250 42.3472 
Calcium bicarbonate (CaH(COs)z)....... .4748 27.7331 
Magnesium bicarbonate (MgH2(COs)2) ... .7628 44.5551 
Iron bicarbonate (FeH2(COs)2)........... 0042 2453 
pilicax(S1Os)\c ners cee oan eee een .0158 .9228 
Dotalinineralsmattion. eer 3.6670 214.1893 


Free carbonic-acid gas abundant. 
Temperature........... TiS Ca G26) 
Analysis by E. H. S. Bailey. 
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COMPARISON OF SIMILAR WATERS. 
Grains per gallon. 
Grand Rapids, Mich., Butterworth Springs. 
Analysis by S. P. Duffield. 
Sodiumpchloridiee..see. sec: 12.728 | Magnesium carbonate....... 3.456 
Sodiumecanbonatewe..gss ss. 3.472 | Ferrous carbonate........... . 704 
Potassiiumyonlonids ..246. <4 5 Rt IGT |LAVANI TB REARNDE Sy Gino omemekeler met Cane orca 408 
Calciumechlonidenssso. csc. ccs CeO MIP SILA ee eats ace sie Seuss ote iors 512 
Calcium carbonate............ 5.792 | Organic matter and loss..... 664 
Caleium sulfates... tc. 2,204 75.136 SA 
Magnesium chlorid............ 41.856 bE ee ee a Bs eee 
French Lick Springs, Indiana, Proserpine Spring. 
Analysis by J. G. Rogers. 
Sedlunorchlonay ce cece wees Ss VOROZw Gal Citimmsultavonerr aererneer 141.00 
Sodium carbonate.............. 10.52 | Magnesium chlorid............ 8.05 
Poca Aukatere. «ska sees oe 36.72 | Magnesium sulfate............ 29.33 
‘Potassrunmehlorid:.s.4 5.02000. 5.01 | Magnesium carbonate......... 4.50 
Calcium carbonate.... ZOROOn llroncarbonavenassh wen cha 2.49 
Dilicaginn ne per eoks eas Sone 1.69 
Wotalisey pecs som aerate 350.52 
Gar ORNOLO x Carer me sete: ere toaeie, Aue Pee 10.116 cubic inches. 
IEP vonor em esi bh iret acrenaa cy toleciaapsererape sacle 17.000 cubic inches. 
Sandwich Springs, Ontario, Canada. 
Analysis by 8. P. Duffield. 
Soar chlorids os mw.cloce one os SOOO CC alenu marc hil ori clieyeeesees ver .056 
Sodium carbonate........... 48.560 | Magnesium carbonate....... 12.944 
Potassium carbonate....-.... trace | Magnesium chlorid.......... 153.760 
Calcium carbonate.......... SOM OAs SLING Brae eres rein yrs iret ereaees oats 112 
Calciunvsulfates.-0.-h- 5. 123.832 PEs i neg cle ees 378.328 
WarbonlG ClORI Gerace: sic imei ane ee 10.00 cubic inches. 
EDV GLOOM ESTE Carman ate. A. pre tears ho ckeees 37.76 cubic inches. 
EN WEL GIy reer tet ae rk cote ees ohet as on een eae .72 cubic inches. 
Friedrickshall; Saxe-Meiningen, Germany. 
Analysis by Bauer. 
Sodium ChIOriGis ..% 20.5.6 0% 538.96 | Magnesium chlorid.......... 248.64 
Socwmimnsilfatescccebe seria. = 363.84 | Magnesium bromid.......... 16 
Ammonium: chlorides. 4-26 - .48 | Magnesium carbonate....... 28.24 
Potassium sulfate............. .16 | Magnesium sulfate.......... 316.40 
Calcium carbonate............ .88 | Aluminum chlorid .......... .56 
@alenmm sulfatesa-. ees BORO MIES IT Camnct cn. tecten wauccast niece 1.68 
Total aecrecnvcasreace eet ercoe: 1559.92 


@arbonrdloxidee. cer ees eee 
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A Comparison of the Most Important Constituents of the Waters 
of the Chlor-sulfate Group. 


Grains per gallon. 


: . | Magne- 

News, | Zptal | Sottum | Sodium | Ceetem | blesbo | ati | St 
nate. 
Morrill ses ee 277 132 102 5 * 8 19 * 4 
Great Bend....... 3721 3185 tes er nee 1 oe 85 141 
Waconda No. 1....} 1140 749 DONG eetesecges 34 ST 70 
Waconda No. 2....! 1053 713 AQ es |ieecrepee 65 101 7 

Mountain Dew.... 102 12 10 22 32 BYR Ne, Oe 
Lincoln No. 1..... 1287 890 172 et Mle eees oon 22 113 

Marion (upper).... 217 5D 13 48 32 GOI vel te crs 

Overbrook ........ 338 73 Ma eRe 66 22 LOA eiterores 
BOOH Ses o ae 541 137 19 1S Sera eee eeeeee *6 
Pipes es oer 214 35 62 42 HEM Rera meee 44 
Grand Rapids.... 160 eae eee 75 *5 | MgCle 41 23 
French Lick...... 350 90 36 141 * 20 29 * 4 
Sandwich, Ont....| 378 AST ett 123 *38 | MgCl 153} *13 
Fried’ckshall, Ger.| 1559 538 | 333 89 1 316 * 28 


* Carbonate, 


CHAPTER XIII. 


The Carbonate Group. | 


Carbonated waters are perhaps the most numerous of any 
class. These include some very heavily charged with mineral 
matter which has been dissolved from the rocks or soil by the 
carbon dioxid dissolved in the water, and others that contain 
only small quantities of the bicarbonates, as they are called. 
Most of the ordinary spring waters which have a local reputa- 
tion for great therapeutic virtues are of this class; those hay- 
ing an excess of sodium carbonate are also included in this 
group. These are called by many authors the ‘‘alkaline’’ class, 
because they include the alkaline carbonates, potassium, so- 
dium, and lithium, as well as carbonates of the alkaline earths, 
calcium, magnesium, and strontium. These waters usually 
contain an excess of carbon-dioxid (carbonic-acid) gas, more 
than enough to keep the bases in solution. Lime and magne- 
sia, it should be said, are dissolved by water surcharged with 
this gas, in accordance with the well-known reaction : 

CaCO3s+ H2O0+CO2 = CaHe (COs)2. 

When a water of this composition evaporates spontaneously, 
as in the roof of a cave, or when it is heated, the water and 
carbon dioxid are expelled, and the calcium carbonate is pre- 
cipitated or separates out in accordance with the reaction : 

CaH2(COs)2=CaCO3+ H20+ COs. 

This accounts for the formation of stalactites and many simi- 
lar deposits. 

These waters usually have an alkaline or neutral reaction. 
If sodium carbonate is present, the reaction is strongly alkaline, 
since carbonic acid is a very weak acid. 

The amount of carbon-dioxid gas dissolved in the Kansas 
waters is small; in fact, there are none of this class that corre- 

(217) 
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spond with the waters of many localities that yield a sparkling 
and effervescent product. Some have attributed this excess of 
carbonic acid to the volcanic origin of a water. 

This group is represented by the following waters : 

Atchison, Dixon’s spring. 

Baxter Springs, Cherokee county, Nos. 2, 3, and 4. 

Bonner Springs; Leavenworth county, Nos. 1, 2, and 3. 

Chico spring, Cherokee county. 

Chautauqua springs, Chautauqua county. 

Coffeyville, Montgomery county. 

Eagle springs, Doniphan county, Nos. 1 and 2. 

Eudora, Douglas county. 

Kickapoo springs, Leavenworth county. 

Moodyville, Pottawatomie county. 

Murphy’s springs, Geary county. 

Onaga, Hoover’s spring, Pottawatomie county. 

Ottawa, Sylvan springs, Johnson county. 

Stanley spring, Johnson county. 


Dixon’s Spring. 

In the city of Atchison, on South Sixth street, between Park 
and Spring streets, is a strongly flowing spring, which has had 
considerable local reputation for medicinal properties. From 
the time of the earliest settlers it has never been known to be- 
come dry, though it has a stronger flow after rains, but the 
water is never turbid. It flows from beneath the Oread lime- 
stone, with a flow of at least seven gallons per minute. 

This water was formerly sold throughout the city, but on ac- 
count of the fact that the spring is in a thickly populated local- 
ity it was thought probable that the water might be impure. 
The sanitary analysis seems to confirm this suspicion, and, fur- 
thermore, the determination of chlorin, made at different times, 
shows that the quantity is quite variable, thus indicating sur- 
face contamination. 
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The Dixon Spring. 
Grams per liter, 
IONS, RADICALS. 

@olnnin (Nos Sowa herenmkone LITOS | Sodiuinoxid (NasO)e eens . 1496 
Potagsiame(K eee: .0060 | Potassium oxid (K20).......... 0072 
Ammonium (NH4)............. TERE Om CAMINO A pss eriee ete we er trace 
Calcium (Ca eaiivinaeds ccs. HOO R Calc oxrdi(Ca®) rar. scce .2184 
Magnesium (Mg)............ .. .0250 | Magnesium oxid (MgO)........ .0417 
Trony(Wo)eesreraccer. cas eee sven LOOCOM Miron sid (HOO)Es vane etn 0077 
eANukumm aT GAY) eee cae wean. ce trace | Aluminum oxid (Al]eOz)........ trace 
Cloris (Gil) pe ees te ore, seco. is HODSO mC Dl orina(Cl\eeseteana eaeee .0580 
Sulfuric acid ion (SO4)...:..... .1164 | Sulfuric anhydrid (SOsz)........ .0970 
Phosphate ion (PQ,)........... .0054 | Phosphoric anhydrid (P2O;).... .0040 
Nitrate ion (NOs).............. .1065 | Nitric anhydrid (N2O;)......... .0927 
Nitriterron (NOs) nc ics. s0sees-. trace | Nitrous anhydrid (N2Osz)....... trace 
Silicie acid ion (SiOs).......... AUB TKO TSMC RESODG niece do cslcno ohn a oae .0300 
Watters (iio @))srs = serecin eran reraciey: .0831 

Carbonic anhydrid (CQOz)......  .4044 

Oxygen equivalent ............ 0130 

| DG taltecve tec wasters eas okt 1.1808 


Hypothetically combined as follows: 


Grams Grains 


per liter. per gallon. 
SodnamasulfateaiNass ©). sear seca . 1076 6.2760 
Potassium graven (is N@s) casters erie: .0155 .9041 
Sodium phosphate (NazHPOy,)............ .0080 .4666 
Sodium, chiorid) (Na Olle. aon cee series: .0956 5.5760 
Podium nitratecNaNOs)) ..2-. 9so50.% secs. 8 . 1329 T1520 
Calcium sulfate (CaSO4) . 2.55... ... 2.5205 .0618 3.6050 
Calcium bicarbonate (CaHo(COs)2)........  .5582 32.5600 
Magnesium bicarhonate (MgH2(COs)2) .... . 1522 8.8775 
Iron bicarbonate (FeH2(COs)s)............ 0190 1.1080 
Sulteds(1Og aay cen. cas serene eerie as .0300 1.7500 
Dotalmainerd | mia Gherin ass sn see sere: 1.1808 68 .8752 
Temperatures. neo IBY MOE (ates Vt) 
Specilicigraviby: passa vesves sinner 1.00078. 


Analysis by E. B. Knerr. 
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Baxter Springs. 


The Baxter chalybeate springs, in Cherokee county, on the St. 
Louis & San Francisco railroad, were for many years among 
the most noted of any in the state. The place is of great in- 
terest geologically on account of the fact that it is just in the 
edge of the Mississippian formation that extends from Missouri 
across the extreme southeastern corner of Kansas. The region 
is well watered by abundant springs, and drained by Spring 
river, that flows about eighteen miles through the state and 
thence southward into the territory. The city of Baxter Springs 
is six miles from the Missouri line and a mile and a half north 
of Indian Territory. On account of its peculiar situation, Bax- 
ter Springs has attained considerable commercial importance 
and carries on trade with the Indians in the vicinity. 

The springs were developed in 1883, but the hotel is of an 
earlier date, belonging to the time when the city was known 
only as an important trading point. The streams of this sec- 
tion of the state are very clear, and the banks are well wooded, 
so that, since the surface of the country is very much broken by 
hills and valleys, it presents a marked difference in appearance 
from most other parts of the state. On both sides of the small 
branch that flows easterly through the city, as many as thirty 
springs have been discovered, many of which have an abun- 
dant flow of clear, sparkling water. Within a few hundred 
yards no less than ten excellent springs are to be seen. 

A list of these springs, with the temperature as shown on 
September 4, 1898, is as follows: 


No. 1. West pavilion, Iron spring, 16° C. (60.8° F.) 
2. East pavilion, Medical spring, 17° C. (62.6° F.) 
3. Spring in highway east of latter. 
4. Mann spring, on right bank of creek, 17°C. (62.6° F.) 
5. Dotyspring, nearresidenceof Mr. Doty, 19°C. (66.2°F.) 
6. Spring in pier of bridge. 
7. Spring in highway, north of No. 1. 
8. Spring in rock near residence of Mr. Newhouse, 19° C. 
(66.2° F.) 
9. Sulfur spring near the Scott property, 19°C. (66.2°F.) 
10. Spring beside bridge pier northwest of schoolhouse, 


20" Oy (GeO 
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Bath-house, Baxter Springs. 
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IMPROVEMENTS. 


Springs Nos. 1 and 2, as above noted, are situated in a small 
park. They are about 100 feet apart, and each is covered by a 
pavilion (Plate XXI.) The springs are walled up and cemented, 
and furnish an abundance of water, which is utilized very ex- 
tensively by the people of the city. The flow of spring No. 1 
is estimated at about 480 gallons per hour, and that of No. 2 
about 160 gallons per hour. At the northeast corner of the 
park is a bath-house with several bath-rooms, arranged for the 
use of hot and cold water.. The water is pumped from either 
of the springs, and stored in a tank in the upper part of the 
bath-house. 

On account of a change of proprietors, this resort was not 
in operation during the summer of 1898, nor has it been since 
that time. At some seasons of the year, especially during the 
summer, these springs are used by the people of the vicinity, 
and in fact spring No. 1 may be regarded as the source of city 
supply for good, wholesome drinking water. Spring No. 2 
furnishes water that has been shipped quite extensively, but 
the water of No. 1 is said to contain so much iron that it de- 
posits after standing a short time, so that, without special ar- 
rangements for carbonating, it cannot be conveniently shipped. 
The following analyses are from samples taken personally in 
June, 1901: 


BAXTER SPRINGS NO, 2, ‘* MEDICAL SPRING.”’ 


Grams per liter. 


IONS. RADICALS, 

Sodium: (Na) wise. aita ers .0120 | Sodium oxid (NagO)............ .0161 
Potassium (ke) a en ee sees .0042 | Potassium oxid (K20)........... .0050 
Iu eno ICM) eco ur neomeouauce traces |. lbithivmioxid” (iis@)a- eee trace 
Caletum (Ca).n; sa. ae ocee see) a 200M Calcrum oxic (©a@)—ee eee .1763 
Mapnesium (Mic) eae ene eae .0054 | Magnesium oxid (MgO)......... .0090 
Tron. (He)yee eee oo ete ener 00362 ie lrontoxidi(M6O).05 sata .0046 
Chilorini(@l\ee seas ere JO1627 i Chiorinn(@)ee ap se eee eee .0162 
Sulfuric acid ion (SO4) ......... .1416 | Sulfuric anhydrid (SOs) ........ 1180 
Silicic acid ion (SiOs)........... JO1Iah SilicatSiOsee ewe case ree .0132 
Water WHO). ces coke. cee eee .0368 

Carbonic auhydrid (COs)........ .1803 

Oxygen equivalent ............. .0036 

Rotel Aare ea cee Pe rote see eres 5719 


Analysis by E. B, Knerr. 
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Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Sociumpsehlonicdc(NaGliesscce us cassia 0203 1.1857 
Sodium sulfate (NasSO,4)................ LOND? . 7126 
Potassrumrehloride (UNC) jee alas ccue cee .0080 4673 
Lithium bicarbonate (LiHCOs).......... trace trace 
Calerumresuifate (CaSOg): Jos sence sana ee ce . 1584 9.2522 
Calcium bicarbonate (CaH»(CQOs)z)....... .3214 18.7730 
Magnesium sulfate (MgSOu,)............. .0270 1.5770 
Tron bicarbonate (FeHo(COs)2)........... .0115 ASi{Aly/ 
RSSUDIOESS SSO Reiss fn sec it a earner er ecin oe ame .0132 .7710 
POU AIG Forcaccstaetin, oi ici Goin! echo nh ates #... .5720 33.4105 
Analysis by E. B. Knerr. 
BAXTER SPRINGS, NO, 3, DOTY’S SPRING. 
Grams per liter. 
IONS. RADICALS, 
OGM OTE (Na eromei i c.s cic et FOOK Sie SOCLUMEOXICls (Nao) eee eee .0105 
Potassinm (ihe ote. 2) 0063 ie Potassium oxidi(Ko@) 25, .0076 
Pichi (Vhs eas Mea SOOO2s  aithivinwoxidi(isO) see e.. eene: .0003 
Calenam (Ga) ae... serosa acters os hIaS 3)" Calcium oxidl(CaO) ea. a ee. . 1568 
Manes (Mim)\eer ose ce < oe .0060 | Magnesium oxid (MgO)......... .O101 
Troni(Hehre rors ses eho aoe. sake ROOT sel roncoxide(Eie©) gem aee ana. reene 0034 
[Sloan stony Clee cemion aon Go eamcomen OIG |; Clallomnin (OMe nccocs ke decu seer 0101 
Nitrous acid ion (NOz).......... .0003 | Nitrous anhydrid (N2Os5)........ .0002 
Sulfuric acid ion (SQu).......... .1845 | Sulfuric anhydrid (SOs)......... .1121 
Sricie-acia oni siOs) meas a so OLE 1 LCA. (510d) an acre = sesame ats oes .0131 
Wiarton. (El; @ inser reer eer 0323 
Carbonic anhydrid(COz)........ . 1590 
Oxygen equivalent.............. .0023 
VOtalacawsoye tas sarc ees a agence .5132 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Soaam re MOL NACI): neue ese ake estes .0076 .4422 
Sodium sultate (NaeSOue sane. e eclseirees .0147 Afshiyeirh 
Porassiumchiloride(MC i ees. ase .0116 .6743 
Potassiumenitrite: (NOs) ieee. see ear .0006 .0355 
Lithium bicarbonate (LiHCOs)........... .0015 .0875 
Calciumesulfate (CaSOun noose: os 1422 8.2950 
Calcium bicarbonate (CaH2(COsz)2 ........ 2832 16.5100 
Magnesium suifate (MgSOu).............. .0302 1.7620 
Tron bicarbonate (FeH2(COs)2 ............ .0084 .4900 
SilicHeSiOae a eee eee Pe ae ae 0132 .7700 
Mortal Stata otic rs oak eccaniate tote, Seren aies ane ole esi 5132 29 9252 
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BAXTER SPRINGS, NO. 4, MANN SPRING. 


224 

Grams 

IONS. 

Sodium: (NAc eee eee .0069 
Potassiuian (is) sapere cere ere .0026 
Toi Ghia) eee rae eee .0008 
Calciunt (Ca) eee me ree 1244 
Magnesium (Mg).............. 0005 
Lron) (B's) sess cce eee ee .0017 
Chiorint(Cl)\ eee ener .0222 
Nitric acidion (NOz) .......... .0089 
Nitrous acid ion (NOz). ....... trace 


Sulfuric acid ion (SQ.)......... “139 
Silicic acid ion (SiOs)...2..... 


Hypothetically combined as follows : 


per liter. 

RADICALS. 
Sodiumoxid (NasO) ce se ee 
Potassium oxid (K2O).......... 
Lithium oxid (LigO)........... 
Calerum oxzid(CaO) 2. 2e ce 
Magnesium oxid(MgO)..... .. 
Tronvoxid(H6O)ie ns eee 
Chlorin (Ole 44 ca eat oe 
Nitric anhydrid (N2Os;)......... 
Nitrous anhydrid (N2Osz)....... 
Sulfuric anhydrid (SOsz)........ 
Silica (BiOs\ eas cee eee eee 
Water (HeOye ewer eae 
Carbonic anhydrid (COx)....... 


Oxygen equivalent 
ROtAL Bae ete 


Grams 


Grains 


per liter. per gallon. 

Sodtum-chlorid (Na@l\eenasee eee eee .0176 1.0280 
Potassiumenit rites CSN ©) meee eee trace trace 
Potassium nitrateu(cN@s\so- =. eee ee .0068 soOT2 
Lithium bicarbonate (LiHCOs)............ .0080 .4673 
Calcium nitrate (Ca(NOs)e)................ .0062 .3621 
Calcrumechlondi(CaCls)\ yee eee .0180 1.0514 
Calcrumpsulfaten(Cas@7) cee . 1587 9.2696 
Calcium bicarbonate (CaH2(COs)s)......... 2817 16.4541 
Magnesium sulfate (MgSOu4)............... .0024 . 1402 
Ire bicarbonate (FeH2(COs)s)............. 0053 . 3096 
MOTTO Aas sees cee ene ee ea ee ate rae .0152 .8878 

Totals cents. ce teeta eee 5199 30.3673 


Awmalysis by E, B, Knerr. 
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Bonner Springs. 

In Wyandotte county, at the northern end of the beautiful 
stretch of the Kaw river running northeast, is situated the 
Bonner Springs resort. This has been well known for many 
years. As originally settled it was called Tiblow, after an In- 
dian chief, but when the proposition was made to make of it an 
important suburban resort for Kansas City, the present name, 
from Robert Bonner, was given it. Bonner Springs is seventeen 
miles west of Kansas City, on the Union Pacific railroad at 
the crossing of a branch of the Atchison, Topeka & Santa Fe 
railway running from Kansas City to Leavenworth; so it is 
very accessible from alldirections. On account of the well-kept 
park in which the springs are situated, Bonner Springs has be- 
come a favorite camp-meeting resort. The park is not public 
property, but is owned by J. W. McDanield. 

In the valley of the small creek that flows into the Kaw river 
just above the town, there are found as many as twenty springs, 
and at the head of these there is a lake, also fed by springs. 
Four of them are picturesquely grouped in the upper park, just 
below the camping-ground, and there are several in the lower 
park. 


IMPROVEMENTS. 


The improvements are of considerable importance. In addi- 
tion to the lake, which furnishes abundant facilities for boating, 
there are a large pavilion and several permanent buildings de- 
signed for the use of camp-meeting associations, and others 
who may tent upon these grounds. The trees are large, and 
many belong to the first growth. In the lower park a build- 
ing has been erected for the protection of visitors from the 
weather, and in connection with this there is a large stand for 
the sale of refreshments. Near this building is a pavilion built 
over two of the most valuable springs. The water of one of 
these is carried by a pipe-line to the pump-house in the valley 
below the ‘‘ Lodge,’’ where a pump run buy a windmill or a 
gasoline-engine elevates the water to the top of the ‘‘ Lodge.”’ 

The sanitarium is some distance south of the park, and, situ- 
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ated as it is, upon something of an elevation, it commands a 
beautiful view to the south across the Kaw river. The build- 
ing contains fifty rooms, with 400 feet of verandas. It has 
steam heat, and is furnished with all modern conveniences. 
No special bath-houses are provided for using the spring water. 
The sanitarium is owned and managed by Dr. M. P. Sexton, 
and is at present devoted especially to the treatment of nervous 
and mental diseases. On account of the proximity of the sani- 
tarium to Kansas City, it affords a convenient suburban home > 
where patients may be kept quiet, and away from the noise and 
bustle of the city. No attempt has been made to ship the 
water from Bonner Springs, although at some seasons of the 
year the quantity is ample for this purpose. The analyses of 
seven of the springs, made in 1884, and published in bulletin 
of the United States Geological Survey No. 32, is as follows: 


BONNER SPRINGS, NO. l. 


Grams 
IONS. per liter, 

Calctume(Ca) cic. aes vce sacs .0926 

Magnesium (Mg).............. .0268 

Irons (He)iee sre eracee re cre .0112 

FChiorins(@l)\ yee ae et es .0082 

Sulfuric acid ion (SO4)......... .0315 

Silicic acid ion (SiOs).......... .0107 

Phosphoric acid ion (POs) ..... trace 

Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 

@alcinumichiorid’(CaC@le) ec... aa ee ees eee .0129 151 
Calcium-sulfate: (CaSOi)ia.02ss- «222 oes .0447 2.612 
Calcium bicarbonate (CaH2'COs)2)........ .3126 18.261 
Magnesium bicarbonate (MgH2(COs)2) .... . 1630 9.525 
Tron bicarbonate (FeH2(COs)2)............ .0361 2.107 
Silicas(SiOs rss eas avec yawn Sen's gas oro .0085 .496 
HOB AOLIGFAGCIG arya a sisisra s/c sete ts 5 sist sheseue ors ¢ trace trace 
Organic MALO. tees. ca cs are ose tec ais small amt. small amt. 


Perle i et Ae ieee 5778 33.752 
Analysis by Wm, Jones, M. D. 
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Bonner Springs Lake. 
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BONNER SPRINGS, NO. 2, 


Grams 
IONS, per liter, 

Walelumy(Ca)\eratirerne ac oor oon .0923 

Magnesium: (Mig) siren ce ce trace 

Pore te erent stare oheen atest aniehee .0012 

hloring (Chl) cacweetn ashes come Old 

Silicic acid ion (SiOs).......... .0082 

Phosphoric acid ion (PO,) ..... trace 

Potala kanye ots aes 1131 

Hypothetically combined as follows : 
Grams Grains 
per liter. per gallon, 
Calctumrehlonia(CaCls)ae . 2. tscccueeee 0179 1.042 
Calcium bicarbonate (CaHe2(COs)2).......... 3729 21.782 
Magnesium bicarbonate (MgH2(COs)2)....... trace trace 
iron bicarbonate (FeH2(COs)2).............. .0037 avail 
BhosphonicsaGiGsraaa. asa ese een ree trace trace 
SHIGA SIO seas eet croec ces eselva nee ee .0065 .381 
COT PATI Cy A UCOM eke ee erat ales fe icine small amt. small amt. 
SP OLal Serer ers Ser Stic ore eae .4010 23.422 
Analysis by Wm. Jones, M. D. 
BONNER SPRINGS, NO. 3. 
- Grams 
IONS. per liter. 

Sodiumx(Na)tes. cus cee eS .5636 

Caleimi(Ca) see cee .0485 
Magnesium (Mg).............. .0374 \ 

Chlorin (Cl)..... Wee Ps 1301 

Sulfuric acid ion (SOu)......... trace 

Phosphoric acid ion (PO,)..... trace 

Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 

Sodiumychlonriac(NaGl\ineaae ateech acces .2105 12.293 
Sodium bicarbonate (NaHCOs)........... 1.7493 102.178 
@Walenme«chlorids(CaGls)e sc. vans «ci ew eeee trace trace 
Calcium sulfate (CaSO4\...220 26% ocae cs « trace trace 
Calcium bicarbonate (CaH2(COs)2)........ 1952 11.403 
Magnesium bicarbonate (MgH2(COsz)2).... . 2230 13.024 
Phos phoricwmciderecciciic.47 etic trace trace 
OTE YOKO TNO Rag cooeeds oGOeOGCDAoE small amt. small amt. 
Pstalsse..- slo Sete BO Rarer EEN REI Bick Dae 2.3780 138.898 


Analysis by Wm. Jones, M. D, 
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Bonner Springs Sanitarium. 


Chautauqua Springs Hotel. 
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Chautauqua Springs. 

In Chautauqua county there is a pure spring of water which 
has attracted considerable attention. It flows from beneath a 
sandstone rock in a little valley south of the village of Chau- 
tauqua Springs. Fewimprovements have been made, with the 
exception of erecting a spring-house. This region is much di- 
versified by hills and valleys, and the streams are clear and 
sparkling. In this respect the region differs from most of the 
Kansas mineral-spring localities. This water belongs to that 
class of comparatively pure waters or ‘‘soft’’ waters referred to 
in chapter XVIII. Such waters are very useful when it is of ad- 
vantage to the patient to drink copiously, and when he does not 
desire the effect of any mineral salts. As the water is free 
from large quantities of salts of lime and magnesium, which 
are so abundant in Kansas, it may in many cases be very bene- 
ficial to patients. Chautauqua may be reached by the A. T. «& 
S. F. railroad. 


CHAUTAUQUA SPRINGS. 


Grams per liter. 


IONS. RADICALS, a 
SogiuneUNa) sess «ee stn. .0270 | Sodium oxid (Na2O)........... 0364 
CalcnmuyiGaleeeene es eee Oso |) Calcium oxidi(Ca@) cc. .n ssc e .0514 
MapnesiumiG Maye essiias ee .0084 | Magnesium oxid (MgQ)........ .0140 
PTORYOEUO ecratins  e teans sree ereeess R0024 5 Tronvoxid! (MeO) snes saree ener .0031 
Chiornrt@h seas aoe p0a42 ale @ hloriny(C lie oversee no eee .0342 
Sulfuric acid ion (SO4)......... .0490 | Sulfuric anhydrid (SOs)........ .0409 
Silicic acid ion (SiOs).......... .0353 | Silicic anhydrid (SiOz). ........ .0279 
Carbonic anhydrid (CQz2) ...... .0799 
Wiater.(HoO!) nsec cece .0162 
Oxygen equivalent...:.....:... .0077 
Total. acs he ree . 2963 
Hypothetically combined as follows : 
Grams Grains. 
per liter. per gallon, 
Syeys nanan, al Koy Ke (NEE Ol We one Been anon mas Op .0565 3.300 
Sodium bicarbonate (NaHCOs).................. .0174 1.019 
Calcium bicarbonate (CaH2(COs3)2).............. . 0660 3.860 
Calciumisulfaten (CaSO?) icc sor ced nel «ues susieusis .0695 4.051 
Magnesium bicarbonate (MgH»2(COs3)2)........... .0512 2.994 
Iron bicarbonate (FeHo(COs)e)............-.---- -0078 .456 
SIG AR ESL On) ee rra ital sre ea wets ‘s-oisic.wveisiciolicle areas .0279 1.628 
TEGLA LS ME arin eine one an canter pends .2963 17.308 


Analysis by E. H. 8. Bailey and E, C. Franklin. 
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Coffeyville Well. 


This well is situated on the property of Joseph Kloehr, one 
and one half-miles east of Coffeyville, in the Verdigris river 
bottom, and a quarter of a mile from that stream. The heavy 
timber of the vicinity adds much to the attractiveness of the 
situation. The well is dug sixteen feet deep, and from the bot- 
tom a pipe is driven sixteen feet and eight inches into the sand 
and gravel. Coffeyville is on the lines of the Missouri Pacific, 
the Atchison, Topeka & Santa Fe, and the Missouri, Kansas 
& Texas railroads. 


IMPROVEMENTS. 


The improvements are a driveway from the main road, lead- 
ing to the new two-story building arranged as a water-cure es- 
tablishment for the accommodation of boarders. The water is 
sold to the people in the vicinity. 

The analysis is as follows: 


COFFEYVILLE WELL. 


Grams per liter. 
IONS, RADICALS, 


SodiumilNa)ikewa- eae eee .0088 | Sodium oxid (Na2O)........... .0118 
Calcium (Ca)-n- eee oe eee .1661 | Calcium oxid (CaO)..... Sr . 2325 
Magnesium (Mg)........:..... .0357 | Magnesium oxid (MgQ)........ .0595 
Trong( Hie) aati oe eae ecke (00954) LronlOxid (He@)\s- eee sae fO192 
Chilorins(C))\tee nee eer 20135> > Chiorinn( CG) aera eee .0135 
Sulfuric acid ion (SO4)......... .0276 | Sulfuric anhydrid (SO3)....... .0230 
Silicic acid ion (SiOs).......... .0304 | Silicic anhydrid SiOe)......... .0240 
Carbonic anhydrid (COs) ...... .4859 
Water (HoO\s son cco ee ee .0993 
Oxygen equivalent ............ .0031 
Totalon. (Ae eee eas 9586 
Hypothetically combined as follows: 
Grams Grains 
per liter, per gallon. 
sodium chlorid (Na Gliese eee eee .0223 1.304 
Calcium) sulfate(CaSOi)sea ees 0391 2.282 
Calcium bicarbonate (CaH2(CO3.2) .......... .6259 36.559 
Magnesium bicarbonate (MgH2(COs's)....... .2172 12.686 
Iron bicarbonate (FeH»(CO3)2) .............. .0301 1.755 
Silica(SiOsajian....eec eee recor eee .0240 1.405 
Totalsion. unacch bin eee eee . 9586 55.991 


Analysis by E. H. S. Bailey. 
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Eagle Springs (Highland Station). 


In the extreme eastern part of Doniphan county, surrounded 
on three sides by a bend of the Missouri river, is a peculiar sec- 
tion of country covered with high, rounded elevations, separated 
by deep valleys. The hills become higher in the vicinity 

_of the river on the east, forming the so-called bluffs. These 
are well wooded, and it is interesting to note that there is here 
a greater variety of trees than is found in other sections of 
the state. Much of this timber has been recently cut, however, 
to give place to orchards which thrive so well in this section. 
The apple and peach especially seem to be well adapted to this 
soil, which is composed largely of gravel and clay, and it is 
even asserted by some that apples grown upon these bluffs have 
a better flavor than those grown upon prairie soil. From the 
bluffs on the east a very extensive view of the windings of the 
Missouri river may be obtained; this view extends from St. 
Joseph, Mo., northward for perhaps forty miles, and to the 
south and west the high prairie uplands are visible. This sec- 
tion of Doniphan county is drained by Wolf river, which flows 
northward and empties into the Missouri near White Cloud. 
Among the hills east of Wolf river, a short distance from the 
Burlington & Missouri River railroad (Highland Station), are 
situated Eagle Springs, which were developed in 1882. 


IMPROVEMENTS. 


There is here a hotel having a capacity for forty guests, which 
is owned and managed by Pryor Plank, a bath-house, two cot- 
tages, and a fine artificial lake well stocked with fish. Dur- 
ing the summer a resident physician may be usually found at 
_the Eagle Springs hotel. The two most important springs are 
the upper spring, which has a flow of not over thirty gallons 
per hour, and the lower spring, which is quite near the bath- 
house, and has a flow of 300 gallons per hour and a temperature 
of 13° C. (55.4° F.) 
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EAGLE SPRINGS, NO. 1, LOWER SPRING, 


Grams per liter, 


IONS. RADICALS. 

modiums (Nae see ee .0055 | Sodium oxid (NagO)............ 
Calotumy( Caen 2 eaten SLOQ2E ee Calciumioxid (Ca©)meance neiee 
Magnesium (Mig) ieesens cach. cat. .0374 | Magnesium (MgO)............. 
Orin (iG) aan ery taken ea. <O051 | Ferric oxid (HesOs)........-...%- 
Whioriny( Glens ence oe LOOSGRIEC@hlorm( (Clearer. case 
Sulfuric acid ion (SQO,).......... .0122 | Sulfuric anhydrid (SOs) ........ 
Sillcigacidmann(SiOs ennmeracdss see OSG0N | SLGal (SiOa) satin een) aes se cisie o 

Carbonic anhydrid (COs) ....... 

Water VES) sass. sian aan: 


Oxygen equivalent ............. 


LOCAL RIS ee een an Qatetae 
Hypothetically combined as follows : 
Grams Grains 
per liter. per gallon. 
wodlumrehlorign (Na Glas sne sest eee ete c- .0158 .9229 
Calcinm-snifater(CaSOd reassess sh csee .0173 1.0105 
Calcium bicarbonate (CaHo(COs)2)........ 8934 22.9784 
Magnesium bicarbonate (MgH2(COs)2).... .2274 13.2825 
Iron bicarbonate (FeH2(COs)2)............ .0160 .9346 
Silica SiOalMecsen cena steers tae .0261 1.5247 
A OUALS ena eich ie eatee e e eee ce 20900 40.6536 
TomMperature. ace av. esse. 11.8° C. (53.4° F.) 
Analysis by E. H. 8. Bailey and D. F, McFarland. 
EAGLE SPRINGS, NO. 2, UPPER SPRING. 
Grams per liter, 
IONS. 
Sodium(Na\ oe vers ee eons .0232 
PPOCASSHUOMA IN eens es cre tromearl .0647 
Calemmy(@ ates oe eee .O617 
Magnesium (Mg)... 20.2... .0186 
Tron and aluminum (Fe and Al), .0007 
ChierinKCl) per aencee s tiesto. .0006 
Silicic acid ion (SiOs)........... .0241 
Sulfuric acid ion (SO4)......... .0101 
Hypothetically combined as follows: 
Grams Grains 
per liter, per gallon, 
Sodrunnmehiorigs (NaG@] sense ee te eee eters .0010 .05T5 
Sodium bicarbonate (NaHCOs).............  .0530 3, 1507 
Potassium: sulfate (KeSOgs.. aco ..e8. cee .0181 1.0527 
Potassium bicarbonate (KHCOs)........... .1015 5.9357 
Calcium bicarbonate (CaHo(COs)s),......... . 2523 16.0259 
Magnesium bicarbonate (MgH2(COs)z) ...... .1135 6.6376 
Iron bicarbonate (FeH2(COs)2).............. .0022 silanes 
SSI CASS IO Nate teats aes ois sie echoes, eres acess .0191 1.1197 
OTs AniCkM ALtOney ge ae ors nkcbeuas cere hata oeae ow .0167 .9797 
Total spas acs rasihiaek weet stan eeee oe 5774 35.0882 


Analysis by Walter C. Brown, Chicago. 
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0084 
.1431 
.0623 
0072 
.0096 
.0102 
0261 
. 3083 
.0730 
.0022 


.6960 
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Eudora Mineral Springs, Douglas County. 


There were four springs developed here about ten years ago. 
The principal springs are situated on the right bank of the 
Wakarusa, a few rods above the crossing of the Atchison, To- 
peka & Santa Fe railroad. They are on the first terrace of the 
river, and are walled with brick and cement. The surrounding 
grounds were improved by cutting out the timber and construct- 
ing stairways, walks, and pavilions. Very little attention has 
recently been paid to this property, though formerly it attracted 
picnic and excursion parties. The analysis of spring No. 2 is 
given below. The water of the other springs is quite similar, 
although the amount of iron differs in the different waters. 
These might with equal propriety be classified as chalybeate 


springs. 
EUDORA MINERAL SPRING NO. 2. 
Grams per liter. 


IONS. RADICALS, 

SSOGIMTAS (INA) yee eae te .0201 | Sodium oxid (Na2O).......... .0276 
PoLassiini( secre rere tere .0052 | Potassium oxid (K20)......... .0063 
Caleium!(Ca)ie ss ces tte ee ee .1491 | Calcium oxid (CaQ).......... . 2095 
Magnesium (Mg)............. .0155 | Magnesium oxid (MgO)...... .0258 
Prone) ines sb) eee aie 01400) Lronioxidi(He@ aaa. aericsieee .0180 
Manganese (Mn)............. trace | Manganese oxid (MnQ)....... trace 
Corin Cli eaccatt ase ase 0049.) "Chilorin (Ch) Sy. on eee aes .0049 
Sulfuric acid ion (SOs)........ .0302 | Sulfuric anhydrid (SOz)....... .0252 
Silicie acid ion (SiOg)......... .0420 | Silicic anhydrid (SiOg)........ . 0332 
Organic and volatile matter... .0261 

Carbonic anhydrid (COz)...... .4176 

Woater (Es) onsen: cae eg eae .0856 

Oxygen equivalent............ -0011 

LOtale eso eee eee ee 8781 


Hypothetically combined as follows : 


Grams Grains 


per liter. per gallon. 

Sogium:chionid (Na))\p eee ee eee .0081 472 
Sodium bicarbonate (NaHCOs)............. .0601 3.510 
Potassiumisuifates(heSOs) ese ee .0117 .683 
Waleinmm sulfate (CaSOs)..... 2052.22 eee .0337 1.968 
Calcium bicarbonate (CaH2(COs)2).......... .5664 33.083 
Magnesium bicarbonate (MgH2(COs)s)...... .0943 5.502 
Iron bicarbonate (FeHo(COs)s).............. .0445 2.600 
Manganese bicarbonate (MgHo2(COs)s)....... trace trace 
Pilica (SiO oases wae ee ee .0332 1.941 
Organic and volatile matter................ .0261 1.520 

Totals.:...4 325m Succes MEN sioieeee eee .8781 51.278 


— Analysis by E. H. S. Bailey. 
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Kickapoo Springs, Leavenworth County. 

These springs. are situated about seven miles northwest of 
the city of Leavenworth, on the farm of George W. Few. They 
are located in a valley where the land overlooks the Missouri 
river bluffs, and on the south is a range of hills. There are 
three springs in the group, all of which are more or less cha- 
lybeate. No. 1, the analysis of which is given below, has been 
carefully boxed, and is five and one-half feet indepth. The 
waters from all these springs are clear and sparkling when first 
drawn, but deposit the iron hydrate in the stream below for 
a long distance. This is of course due to the escape of carbon- 
dioxid gas, as has been previously noticed. 

Stone implements, such as arrow-heads and spear-heads that 
areoften found near the springs, indicate that this locality was a 
favorite camping-ground for the Indians, and, as the Kickapoos 
were the last tribe having a reservation in this vicinity, the 
springs have been named after them. No improvements have 
been made in the property and the water is not shipped. 

The composition of spring No. 1 is as follows: 


KICKAPOO SPRINGS. 


Grams per liter. 


IONS. RADICALS. 

SodimmertiNa\ic-seo. see .0096 | Sodium oxid (Na2O)........... 0130 
Potassium (K)...... Fee A ene .0009 | Potassium oxid (K2O)......... .0012 
CGaletumet(Ca\e.b caer 206368 Calcium: oxidi((CaO)\7... ase 0891 
Magnesium, (Ig) ). aac oe .0132 | Magnesium oxid (MgO)....... .0220 
FrOnG GHG) te cent ance cepacia EOOO Tm eLrontoxids(He@))qemeer cee .0009 
Amin tin CAN) aoe ot yates aor .0006 | Aluminum oxid (Al]eQs)........ 0011 
Chiorinti@ljrmsec aso. oe ATMS || CO) nltoyston ((OilNeoounacneedtuo bane .0029 
Sulfuric acid (ion) (SO,)....... 0238 | Sulfuric anhydrid (SOs)....... 0199 
Nitric acid ion (NOs).......... trace | Nitric anhydrid (N2Os)......... trace 
Silicic acid ion (SiOs).......... AOBPAD || TSMR SHOM) o pnongecogsocoeboc .0252 
Carbonic anhydrid (COz)...... 1845 

Wiater(this Ol) nemcmer ere eee .0376 

Oxygen equivalent ............ .0004 

Totals 5 ee nt eee .3970 
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Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 

Potassium sulfate (K2SO,)............- .0029 .169 
Sodium’ chiorid) (NaCl)s- =. 3226 eee .0049 .286 
Sodium bicarbonate (NaHCOsz)......... trace trace 
Sodium nitrate (NaNOsz).............-- trace trace 
Sodium sulfate (Na2SOz)............-- .0238 1.394 
Calcium sulfate (CaSOu)............-.. .0088 513 
Calcium bicarbonate (CaH2(COs)z)...... . 2468 14.415 
Magnesium bicarbonate (MgH2(COz,2).. .0813 4.748 
Iron bicarbonate (FeH2(COz)z)........-. .0022 .128 
Aluminum oxide (AlgOs)..........-..... .O011 . 064 
Silica.(SiOs) Awe. aes ee ec eee 0252 1.471 
Totalescccc 2.0 eet et eee .3970 23.188 


Analysis by E. H. S. Bailey. 


Moodyville Springs. 

At Moodyville,in Pottawatomie county, about four miles north- 
east of Westmoreland, in Rock creek bottom, on the Westmoreland 
branch of a road connecting with the Leavenworth, Kansas & 
Western railroad at Blaine, are situated several springs that 
have obtained a local reputation. These springs are the prop- 
erty of E. M. Moody, and are situated at the base of a limestone 
bluff surrounded by a fine grove of natural timber. 


IMPROVEMENTS. 


An avenue bordered with large trees connects the springs 
property withthe mainroad. Some years ago a hotel was built 
on the land just west of the grove, and extensive improvements, 
including walks, fountains, swinging bridges, etc., were made 
on the property. Recently, however, no attempt has been made 
to keep the property in repair. On the bluff to the east of the 
spring is a so-called Indian mound, and a lookout has been built 
here which commands an extensive prospect over the surround- 
ing territory. Some rocks tumbled together on the side of the 
bluff near by form an interesting cave. The water of the main 
spring has a temperature of 12.2° C.(54° F.) and a flow of 360 
gallons per hour. It has a specific gravity of 1.00395. The 
qualitative analysis made by J. R. Eaton, chemist of William 
Jewell College, Liberty, Mo., showed calcium carbonate, mag- 
nesium carbonate, maagnesium sulfate, sodium sulfate, sodium 
chlorid, iron carbonate, silica, alumina, and a trace of organic 
matter. The water contains an abundance of free carbonic- 
acid gas, and, when concentrated, gives an alkaline reaction. 
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Murphy’s Springs. 
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Murphy’s Springs, Junction City, Geary County. 


These springs, of which there are seven in the group, are 
situated six miles southwest of Junction City, near Kansas 


Falls station, on the line of the Union Pacific railroad. 


improvements except the building of a spring-house have been 
made. ‘The water is forced by a windmill pump to the dwelling- 
house of Charles Murphy, about a quarter mile distant. 
is an abundance of excellent water here, but it is only utilized 


for domestic and stock-feeding purposes. 


MURPHY’S SPRINGS.” 


Grams 
IONS. per liter. 

SOGhUIN (INO hen mob ee cede dace ce .0163 
Calciumi(Gal mace nee eee 0557 

Mao resin ( No) eee eee .0147 

Troi Wea eran eee eee ere trace 

‘ Aluminum (Al)....... eater ee trace 
Dllicieracicduom (SiOz) ereee eee es tes 

Hypothetically combined as follows: 

Grams 

per liter 

Sodium bicarbonate (NaHCOs)............... .0597 
Calcium bicarbonate (CaH2(CO3)2)........... .2251 
Magnesium bicarbonate (MgH2(COs)s)........ .0899 
Iron and aluminum oxids (Fe2O3, AloOs)..... trace 
Silica (SiOs). us: ns geen eee ee eee .0168 
Totalst.n. cy: age eee Wa ere a eee re ee ee .3915 


Analysis by Barnes and Sim. 


70, Bull, U. 8. Geol. Surv. No. 32, p. 173. 


Grains 
per gallon, 


3.475 
13.149 
5.243 
trace 

. 982 


22.849 


There 
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“Interior of Spring-house, Hoover’s Spring. 
16—vii 
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Hoover’s Spring, Onaga, Pottawatomie County. 


In the northern part of Pottawatomie county, about one-half 
mile north of the village of Onaga, which is accessible by the 
Kansas City, Leavenworth & Western railway, is a mineral 
spring owned and managed by Henry Hoover. The spring is 
in a depression east of the owner’s residence, and in the vi- 
cinity, both north and west, are hills overlooking the valley of 
the Vermillion on the east. The whole region is diversified by 
numerous hills and valleys, and is well watered and timbered. 
Hoover’s spring, which is 200 feet above the Vermillion, has 
been excavated twelve feet, to the clay. It was then walled and 
cemented to a point three feet above the floor of the spring-house. 
Clear water, which may be seen to bubble from the sand at the 
bottom, is conducted away to a cement reservoir about twenty 
feet distant. No attempt is made to utilize the water, except 
by local patrons and an occasional shipment of a few gallons. 
The flow is 180 gallons per hour. The composition of the water 


is as follows: 
HOOVER’S SPRING, ONAGA, 


Grams per liter, 


IONS. RADICALS. 
Sodium (Na)2. crete. eee .0049 | Sodium oxid (NazO)............. .0066 
Calewimi (Ca) nase. <texexcer es 0273: | Caletum oxid:(CaQO)2. 25. 22.4. .0383 
Magnesium (Mg)............... .0199 | Magnesium oxid (MgO)......... .0333 
Trong(Be) ee. ae ee ore eee 0029 9) “iron oma (He@)n eee .0038 
Chlorini(Cl)\ sees eee 0076); Chlorm (Clee e ae eee ee .0076 
Sulfuric acid ion (SO4).......... .0141 | Sulfurid anhydrid (SOs) ........ .0118 
Silicic acid ion (SiOs)........... LOZ08"- Silicat(Si@o)- a. =: ess eee .0244 
Carbonic anhydrid (COz)........ .1258 
Water (HsO)i a eee eee .0253 
Oxygen equivalent.............. .0017 
Total ons.5.. bao ae cee eee . 2752 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 

Sodtunuchlondl(Na@ lina eee eee .0125 .7301 

@alciumesulfate(CasOnen ee eee eee 0200 1.1682 

Calcium bicarbonate (CaHo(COs)2). ......... .0873 5.0992 

Magnesium bicarbonate (MgH2(COs)s)........ .1216 7.1027 

Iron bicarbonate (FeH2(COs3)z)............... .0094 .5490 

Silica) (Si@s) se acee tees octets cate ee ere 0244 1.4252 

Potala. 2 <an ca wae eee MoO ee TOS 16.0744 


16.6° C. (61.9° F.) 
Analysis by E. H.S. Bailey. 
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ENG.COMG. 


Mineral Well, Iola. 
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Sylvan Springs, Ottawa. 

These springs are situated about two miles northwest of Eight 
Mile creek, a branch of the Marais des Cygnes. There is a ford 
at this point over the creek, and a drive has been cut through 
the timber, so that the springs are accessible. The springs are 
the property of the estate of S. E. Allison, and perhaps $100 
was spent in the improvements noted. The water of the main 
spring comes out of the rock on a level with the creek, but 
when confined it rises above that level, so that by carefully 
walling up and cementing about the spring an abundant sup- 
ply is retained. In order to obtain the water conveniently a 
platform has been built above the spring, and the water is 
brought to this platform by means of a pump. 

The flow is about 200 gallons per hour in the dryest weather. 
Within a few rods are several other springs, but the one of 
which the analysis has been made has the greatest flow. With- 
in the last five years the water has been hauled to Forest Park 
Ottawa, and placed in permanent tanks for use during the Chau- 
tauqua assembly, which meets for about two weeks in July of 
each year. The water has found quite an extensive use locally, 
but has not been shipped. 


SYLVAN SPRING, OTTAWA. 


Grams per liter. 


IONS. RADICALS. 

(SOO MUTTON ec pe anseg a0 oho kdor .0242 | Sodium oxid (NaO)........... .0325 
Caleruml(Ca)ianesetemr eee .1238 | Calcium oxid (CaQ)..........- .1730 
Magnesium (Mg).............. .0260 | Magnesium oxid (MgO)........ .0437 
PrOrig(H'G) jetreet conus a eters ee 00084 |e Lronroxian(HeO)\t eee ee .0011 
Ghioring(Cl) seen eee OBL | CCl orare( (OMe eo oe Soave ba gae .0371 
Sulfuric acid ion (SO4)......... .0371 | Sulfuric anhydrid (SOs3) ....... .0308 
Silicic acid ion (SiOz)... ........ sO235.sieDilica(SiOs). seen eeeeeeeee ee .OF86 

Carbonic anhydrid (COz) ...... .3362 

‘Wiater (EIcO)iee oon so erecicrerck scene .0679 

Oxygen equivalent............ .0083 
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Hypothetically combined as follows: 


Grams per Grains per 

liter. gallon. 

DodtumrehlonaKiNaClie wean Gk sere es sare .0613 BrolD 
Calcium bicarbonate (CaHo(COs)2).......... .5003 248} BAN 
Magnesium sulfate (MgSQ.)................ .0461 2.688 
Magnesium bicarbonate aye re Nineties oe . 1037 6.052 
Iron bicarbonate (FeH2(COs)2) Soniescae 1 0026 . 155 
Bitlicay(Si alee ae mete, kee heen esas .0186 1.085 
POLAR eat Vas Oar it ee eee . 7326 42.776 

REM PELAatUre.n <-ss co woes 20° C. (68° F.) 


Analysis by E. H. S. Bailey. 


Stanley Spring, Johnson County. 

The water of a spring on the farm of Freeman Shreve, at 
Stanley, has been used with considerable success by the local 
physicians. It has a flow of about twelve barrels per hour. 
The spring has been dug out to the depth of five feet and se- 
curely boxed. This water gives upon evaporation 18.3 grains 
of mineral matter per gallon. This consists of calcium, mag- 
nesium, sodium and iron carbonates, with some sulfates. It 
belongs to the ight carbonate group of waters. 


COMPARISON OF SIMILAR WATERS. 


Grains per gallon. 


Waukesha, Wis., Bethesda Spring. 
Analysis by C. F. Chandler. 


Sodium: chlorid:s...sscue cuca. Ue Garrone ICAL bOnaLenmncnr eet 04 
Sodium bicarbonate............ SAGs || VANITLTTR NOOSA Bada nos Aon 2 
Sodinmy eulfatea.aci sere. coce.oe .54 | Silica... AARNE ch a? 74 
POGASSUAT AULA COs ooer certo as 46 Crane ater ees ney 1.98 
Calctum bicarbonate ire fee e 17.02 ota leckis 4-65. eaten ae eo 30.71 
Magnesium bicarbonate........ 12.39 


Napa Soda Spring's, California, Pagoda Spring. 


Analysis by Winslow Anderson. 


SGahin CHlorid. ct ewer see 7.14 | Magnesium bicarbonate........ 3.04 
Sodium bicarbonate........... 12.95 | Magnesium carbonate.......... 21.76 
Sodium carbonate..... Rhee TOM Serrous canpOnatonneett nee. 7.90 
Sodiimsulfaten nn acts ase IAGZA | PSilicayarrates sek ot weet 74 
Potassium bicarbonate........ CAC We ANUINLIN Ateneer ac eR eee ent ond Ayr 
Calcium bicarbonate.......... ek|), (Oheatwabromehntst, Gamo somne anh ooo trace 
Calcium carbonate .o.. 0. «<o. 9.55 Te | cena ae adele 67.15 
Free carbon-dioxid gas............ AS 62 cubic inches. 
Temperature of water............. (aia Ne 
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Manitou, Colo., Manitou Soda Springs. 
Analysis by Elwyn Waller. 


Soditnn Chiorid: j22~.2sce ue 23.94 | Magnesium carbonate......... 16.68 
Sodium carbonate. ...25.02.cs os AD: 66'.| Tron Oxide o-oo eee oats ote 02 
Sodinim sulator ss. Sosc eee 1114" Alanna oeces ae oe eee 07 
Potassitim sulfate. 2.3 dec ete oe 10.68 Silica. Sots. Seta ceatmer ene 2.49 
Lithium carbonate............. ah TA Tater. ve eee: 174.47 
Calcium carbonate............. 69.08 

ree €arb0n-dioxid £48 vice. oo eaaaae ee abundant. 


Highland Springs, California, Ems Spring. 


Analysis by Winslow Anderson. 


POG CHOC: e.coe ne eats ore 1.76 | Ferrous carbonate. -......--.-. 1.53 
Sodium bicarbonate............ 17.50 | Manganese bicarbonate........ trace 
Sodium carbonate.............. DA Sie). aera oe Sana SS oe 7.23 
Potassium bicarbonate......... Pile (eM LCS ENG, So See pein ome eee 12 
Calcium bicarbonate ........... 57.32. | Organic matter. oss..26-2- = oe = trace 
Magnesium bicarbonate........ 66.53 TWatal cabaes eee ~ 156.87 
Magnesium carbonate.......... 1.63 

Free carbon-dioxid gas............... 85.90 cubic inches. 

Temperature of water................ (af tae io 

Saratoga, New York, Vichy Spring. . 
Analysis by C. F. Chandler. 

Od CHIOFIA. secs 2e cence 128.69 | Barium bicarbonate........... 59 
Sodium bicarbonate........... 82.87 |) Tron biearbetiates. <.25-.0.-- =e 05 
Soda: DLOMIG 42.5 wee oe ew 299: | VAdnnviniac oe cee aaa seo 48 
Potassium chicrid tecc- 6 cae EE Ah Ses eee ee ee Le oa .76 
Lithium bicarbonate .......... iiGe SS 
Calcium bicarbonate .......... 95 .52 Tetehe aes ere ere ene 
Magnesium bicarbonate....... 41.50 | 

Mart ben-dioxids an anaes eee ee 383.07 cubic inches. 


Vichy, France, Grande Grille. 


Analysis by Bouquet. 


podinm. chiorid.+¢.- aes eee 7.827 | Calcium bicarbonate........ 28.517 
Sodium bicarbonate.......... 319.442 | Magnesium bicarbonate..... 20.187 
Sodinm sulfatece.cs.cn nee 16.997 Ferrous bicarbonate......... . 260 
Sodium phosphate........... TADO2 Sea ce eeere soe ee eee eee 4.089 
Sodium arsenite.............. .175 | anne ae 
Potassium bicarbonate....... 22.594. | eae ee eee ee 


Apollinaris, Neuenahar, Rhenish Prussia. 
Analysis by Professor Bischof. 


Sonia Chierd- es 2.5 oa ee 28567 | SHerricoxid-. 7 ees. cee ee 1.20 
Sodium carbonate............. 77:20" | Aleming =... 0 eee eee 1.20 
Sodiaim suliates sop 05 See 1S).40\ WU Siliea. oe > Nate eee .48 
Calcium carbonate ............ 3.60 ee 
Magnesium carbonate......... Pgh ie TbaE fe 2th nce re 


Free carbon-dioxid gas.............. 376.32 cubic inches. 
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A Comparison of the Waters of the Carbonate Group. 


Grains per gallon. 


N Total Sodium Sodium | Calcium | Calcium Mag- | 
anime solids, chlorid. bicar- sulfate. bicar- | nesium bi- 
bonate. bonate. | carbonate. 
DROME Ma oe 68 ‘aS a aes cette 3 82 8 
BaxtearsNoe gon aac ck 33 SNe tis ohare eevee i) 18 
IBonnereNos Lew. wack ove ic tee hint re iatres 2 18 9 
Bonner Nou dius. +a: 188 12 102 trace 11 13 
Chautauqua......... Ate 3 1 4 3 3 
Oafteywillecs.. 523. s.4 56 SL leven cee 2 36 113) 
HAP LGHINO ln, Se ciesce 40 Pa ary ae ones il 23 13 
MarlerNoy eis... se. SO aa eye ranier: Al Peering oie 16 6 
BiudoravNOu Bosc cis. 2 Se te raiecee tO 3 2 33 5 
Week apoOn cso oc 23) gall eee son UNACCE. eters 14 5 
AV cs m blsyoreae = rs tease Ie | eat eee iatete By Nh sPeac ts obs 18 5 
Hoovers’ 6 a5. oven. Ol ete oo crus osm i 5 7 
Rel Werte mae erates ccs 42 3) al ptoe a ees eee i eee 29 6 
Waukesha, Wis...... 35 1 dbp oy Ae As ing 12 
Manitou, Colo. ...... 174 24 d Oe leer een * 69 * 16 
Napa Soda, Cal...... 67 a DSS Ba ereeerenace cect: * 10 * 24 
ish lana. Cala. 156 1 20a nics, 57 67 
Apollinaris, Prussia. . 157 28 fl eee lle, ae eee te 53 OTT 


* Carbonate. 


These waters in Kansas contain calcium and magnesium bi- 
carbonates and little besides. Some chemists have reported 
sodium sulfate in some of the waters of this general class. It 
is apparent that the sodium bicarbonate, the ingredient that 
gives an alkaline quality to such waters, is usually absent, or 
only present in small quantities. ‘There are waters in the state, 
like the Abilena, and a water from Cherryvale that has been 
recently analyzed, which do contain considerable sodium car- 
bonate, but a very large quantity of some other ingredients en- 
tirely overshadows the sodium carbonate in those waters. 

The total solids are usually low, and in fact so low that some 
of the waters mentioned might be considered in the soft-water 


group. 


CHAPTER XIV. 


The Chlor-Carbonate Group. 


The waters of group IV, containing an excess of carbonic- 
acid gas, are not numerous in this section, neither are those con- 
taining the chlorids and large quantities of bicarbonates very 
abundant. The waters have the therapeutic properties of both 
the chlorids and the ‘‘calcic’’ waters, as they are called by some 
authors. These waters are largely represented, however, in 
other sections of the country and abroad. The strong taste of 
a pure brine, or of a brine containing sulfates, is modified by 
the presence of the calcium, magnesium, and sodium carbonate, 
and, in such waters as the Empire spring, at Saratoga Springs, 
it is modified by the great excess of carbonic-acid gas dissolved 
in the water? 

This group is represented by the following waters : 

Cherryvale well, Montgomery county. 

Iola well, Allen county. 

Miller’s well, Norwood, Franklin county. 

Paola well, Miami county. 

Piqua, Woodson county. 

Wyandotte, Wyandotte county, gas well. 

Fort Scott artesian, Bourbon county. 


Cherryvale Well, Montgomery County. 


A sample of water has been received from Dr. M. A. Findley, 
of Cherryvale, that is of considerable interest. The water is 
from a well about three miles northwest of the city, near Drum 
creek. The well is bored, and the water is said to come from a 
depth of about 120 feet. A partial analysis of the water has 
been made, with the following result : 

(248) 
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CHERRYVALE WELL. 


Grams per liter, 


IONS, RADICALS, 

Sodio (Na)eyeecs area. sees .5910 | Sodium oxid (Na2O)........... . 7966 
Calerumum(@ayieesewe ata cee .0098 | Calcium oxid (CaO)............ .0138 
Magnesium Mg) enn nioscttnic ec: .0114 | Magnesium oxid (MgO)........ .0190 
Trong(he) ec me ets cae as ROO mlronvoxidi (He) eens veto ae .0040 
Chorin (Clear seen, shoo eCihniloninn(©@))\tenessaceevesressccrtes 5330 
Silicie acid ion (SiOs)........... .0148 | Silicic anhydrid (SiQz)......... .0117 
Carbonic anhydrid (COs)....... .5328 

Wiabera(is@) i cess, car irele acts ee . 1093 

Oxygen equivalent............. .1210 

Total ie icce-otc hy ge tenes 1.8992 


Grams Grains 

per liter. per gallon. 
SOG umMcchloricae sens tect sec ees eas .8810 . 51.459 
Sodium: bicarbonaterm.:s..cnue. eb aee ee .8870 51.804 
Caleimmibicarbonatea ssa ene. fee a .0405 2.388 
Magnesium bicarbonate.................. .0690 4.024 
Erovy DIGHTON ALO nt: sen ete en oes ein .0100 584 
SOL CARA Re tery cama Vache othe, gui rites .0117 .684 
ROLAIS eee oe ce mete en eee eee 1.8992 110.943 


Analysis by E. H.S. Bailey and D. F, McFarland. 


The Iola Mineral Well. 


At lola, in Allen county, there are a number of gas and min- 
eral wells. This city may be easily reached by either the Mis- 
souri Pacific or the Atchison, Topeka & Santa Fe railroads. 

The Ben Acres well antedates all such wells in the state, as 
it was bored in 1878, while prospecting for coal. With com- 
mendable perseverance the managers continued to bore, till 
they reached a depth of 626 feet, when it was noticed that the 
drill dropped twenty inches and water and gas were forced up. 
At 720 feet the drilling was discontinued. The water, which 
flowed at one time as much as ninety-five barrels a day, comes 
up intermittently, on account of the pressure of the gas. It is 
interesting to notice that within a few hundred rods of this well 
are some of the best gas wells of the state, and these early pros- 
pectors came very near making the discovery that has recently 
placed Iola among the first of the gas towns, and has brought 
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Hotel and Cottages, Iola. 


Water-works Plant, Cherokee. 
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to the city so many smelters, brick plants, cement works, and 
other manufacturing industries. 

Even in these early days the flow of gas from this well was 
noticed, and it was estimated that 5000 cubic feet was given off 
daily. At the present day wells in the vicinity yield gas at a 
pressure of 350 pounds to the square inch, from a depth of from 
800 to 900 feet, and the yield from a single well is estimated at 
seven million cubic feet per day. Formerly considerable use 
was made of the water of the Iola well, and much was shipped 
elsewhere. Its use was especially recommended for bathing, 
and a commodious bath-house, with pumps and an arrangement 
for heating the water, was erected. The large building of Mr. 
Acres was used as a hotel and two cottages were occupied by 
boarders. The analysis of the water was made in 1876 by the 
late Prof. W. R. Kedzie,” then of Kansas Agricultural College. 
The temperature was 61° F. Its specific gravity was 1.0138. 

Professor Patrick reports a small quantity of sodium sulfate, 
while the former analyst finds none. The amount of sodium 
bromid is reported as .04 grams per liter. The presence of the 
bromids and iodids in deep wells in this state is at present 
known to be not unusual. Brine flows from many of the gas 
wells that have been more recently bored in this county. 


IOLA WELL. 


Grams per liter. 


IONS. RADICALS. 

SodiumiGNa)sse ces ahaa: .6580 | Sodium oxid (Na2O)........... 8.8804 
Potassium (K),..............- .1921 | Potassium oxid (K20)......... 2313 
Calcium (Ca)..........--..+-. -2565 | Calcium oxid (CaO).......... 3591 
Magnesium (Mg)............. 1035 | Magnesium oxid (MgO)....... 1722 
Pron (We) 2202 2 cote Sens 0212 | Tron oxid (MeO) ...:..6. 2:03. .0271 
Cilorini (Clipe. pees nas PQ.o211 || “Ohlorin (Ol)... oe ko conse ene' 10.3211 
Siliete acid ich (S1Og ne 2 2-5-0118) | Sition (BIO oc case vues conics 0103 
Suspended matter............ .0428 

Organie matters acacia 0342 

C@arooniGioxids. seer eee 1.0530 

Water of combination........ 1913 

Oxygen equivalent........... 2.4894 

TOtaliates tweet eens 18.8334 


71. Trans. Kan. Acad. Sci., vol. VI, pp. 58-61. 


252 University Geological Survey of Kansas. 


Hypothetically combined as follows : 


Grams Grains 
per liter. per gallon. 
Sodium*chloridi(Na@ lie eee ee ee 16.6325 971.506 
Sodium -bromia\(NaBr) eee ae abundant abundant 
Sodiumaodidh(Nal)peeeeeeee: = eee ee trace trace 
Sodium bicarbonate (NaHCOs) .......... . 1396 8.158 
Potassitimechlorid (i Clee eee eee ere . 3066 17.909 
Magnesium chlorid (MgCl)............... 1250 7.305 
Magnesium bicarbonate (MgH2 (COs) 2)... .4363 25.485 
Calcium bicarbonate (CaHy2 (COs) 2)...... 1.0389 60.687 
Tron bicarbonate (FeH2 (COs) 2) .........-. .0672 3.929 
SilicaviSiOs) pane ee ae eee .0103 .602 
Suspended matters sae ae eee .0428 2.500 
Organicematters.c assays ae eet eee .0342 2.000 
POtal a an eee ee ee ee ee 18.8334 1100.081 


Analysis by W. R. Kedzie. 


Miller’s Well, Norwood, Franklin County. 


This well is situated on the farm of George Miller, two miles 
west and one mile north of Norwood station, on the Atchison, 
Topeka & Santa Fe railroad. It is on high ground, and was 
bored almost entirely in shale. The depth is 250 feet. 

The well was dug for fifty-three feet, and then a boring was 
made, and cased with six-inch galvanized-iron pipe. When 
the water was struck it rose to the height of 125 feet in the 
tube. The capacity of the well is at least twenty barrels per 
day, and the water is raised by means of a windmill. The 
water does not seem to disagree with stock, although there is 
enough salt in it to give it a strong saline taste. The tempera- 
ture is about 60° F. No attempt has been made to place the 
water upon the market, but it has a local reputation as a ca- 


thartic. 
MILLER’S WELL, NORWOOD. 
Grams per liter. 
IONS. RADICALS. 


Sodicumn(Na)imeceteee ieee 5.3881 | Sodium oxid (Na2O).......... 7.2616 
Calciumn(Ca)in yee neree .2360 | Calcium oxid (CaO) .......... .0298 
Wilyeroveemlad (MIE oo Sencoo ooaas .0996 | Magnesium oxid(MgO)....... -1661 
lire sie hs) rerecnimcins anGato codon [0048s @lron-oxid) (He@) es.) eee .0062 
(lalcrahar (OWS 3 soe caeooaccanosac 8) 207. Chiloring( Cl). acces eS So OT 
Sulfuric acid ion (SO4)......... .0034 | Sulfuric anhydrid (SOs) ...... 0026 
Silicie acid ion (SiOz).......... .0111 | Silicic anhydrid (SiOs)........ .0088 

Carbonic anhydrid (COz)..... .9082 

Wia ter (EoO acca. saree wee .1867 
2 Oxygen equivalent............ 1.8660 
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Hypothetically combined as follows: 


Grams 


per liter. 

PodiumehloniaulNaG))\e wes. mee ance 13.6630 
Sodium bicarbonate (NaHCOs)..........  .0242 
Calcium sulfate (CaSO) ............505- .0040 
Calcium bicarbonate (CaH2(COs)2)..... B .9900 
Magnesium bicarbonate (MgH2(COs)2)... .6060 
Iron bicarbonate (FeH2(COs)2)........... .0151 
Silical(SiOs erase ewer rr cana Makati. .0088 
Ota Sac gata acto tracts eine Ue cree wea 15.2711 

Carbon-dioxid gas............... abundant. 


Analysis by E. H.S. Bailey and F. B. Porter. 


Paola, Miami County. 


Grains 


per gallon. 


798 .0558 
1.4135 
2336 
55.4895 
35.3964 
.8819 
.5140 


891.9847 


253 


On the farm of Joe Schafges, four miles southeast of Paola, 
is a bored well ninety feet deep. This does not yield natural 
gas. The water gives upon evaporation 406 grains of solid 
matter per gallon. Of this, 292 grains is common salt. 
rest of the material is calcium and magnesium carbonates, with 
probably considerable sodium carbonate. This water is recom- 
mended as of excellent medicinal quality by local physicians. 


The 
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Piqua Brine Well, Woodson County. 


This well is situated on a farm one mile west and three- 
fourths of a mile north of Piqua. It is 171 feet deep, and the 
water rises to within seventy feet of the surface. When the 
well was drilled for a time considerable gas escaped with the 
water. As this drilling was done in 1883, before the lola gas 
field was known, the presence of oil and gas with the brine at 
this locality created considerable excitement. This is about 
eight miles from the Iola gas field. The water has the follow- 
ing composition : 

PIQUA WELL. 
Grams per liter. 


IONS. RADICALS. 
Sodiumnx(Na)eeerase eer emer 4.5403 | Sodium oxid (NazO).......... 6.1194 
Potassiunag (is) pee eeseeieee sere 1699 | Potassium oxid (K2O)......... . 2049 
Calcruma(Ca) ener eee .1730 | Calcium oxid (CaO) .......... .2414 
Mia pnesiimatM air vraepree ee .1086 | Magnesium oxid (MgO)....... 1812 
LTOMIGHG) eee are ener trace =| lrom.oxids(EeO se eee iors trace 
@hilorins( Cl) aces soe oe earl Lon sO lorie Clee eeeanteers eee 7.1270 
Sulfuric acid ion (SOu)......... .0824 | Sulfuric anhydrid (SOs)....... .0686 
Silicic acid ion (SiOs).......... trace | Silicic anhydrid (SiOg)........ trace 

Carbonic anhydrid (COsz).. ... 7222 
Water (HeOlm cose sae sere 1477 
Oxygen equivalent. .......... 1.6105 

Potal ies a eee eee ee 13.2019 


Grams Grains 

per liter. per gallon. 

Sociimechiorigdu(Na ©))p ae ae ee 11.5026 671.8668 
Sodium bicarbonate (NaHCOs)............ .0368 2.1494 
Rotassnimechiorid (iC ])— aan . 3242 18.9365 
Calcium bicarbonate (CaH2(COs)z)... ..... .6985 40.7993 
Magnesium sulfate (MgSOy)............... . 1029 6.0103 
Magnesium bicarbonate (MgH2(COs)s)..... 5369 31.3603 
Iron bicarbonate pete: ee ee ree trace trace 
Silican(SiOs) Sh. ene a ee ee ee trace trace 
Totalsstcc ta ose eee One ee 13.2019 771.1226 

Specitic pravityer ens aes 1.01 


Analysis by E. H. S, Bailey. 
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Wyandotte Gas Well. 


In 1885 a well was bored at Wyandotte (now Kansas City), 
Kan., with a hope of finding oil or gas. Some oil and gas 
were obtained, and for several years the gas was used as fuel 
for a planing-mill near by. The oil has also been examined.” 
The water from this well does not contain as much salt as the 
bromo-magnesium well at Independence, still it is a strong 
brine. The depth of the well is 350 feet. 


WYANDOTTE WELL. 


Grams per liter. 


IONS. RADICALS, 

DIOGEUINMUNA ee ae ere 10.127 | Sodium oxid (NazO)........... 13.651 
Ciaicruniy, (Ca weer cern ete ota Ove @alerumnoxigeu@a©) yest. 562 
Magnesium (Mg).............. .244 | Magnesium oxid (MgO).. ..... 407 
Trane) meetin oo eo ee {0087 eiironvoxid\((He@).e eee .O11 
@hlorintC)iise.. see eos 16525458 @hilorini(Cl\epeeseesesee one ee 16.254 
Sulfuric acid ion (SOQq)......... .006 | Sulfuric anhydrid (SOs)....... .005 
Silicic acid ion (SiOs).......... OID) |) (Shiller, (SHOP) acca ones Rooesennowe .010 
Orsanicanattermrerr er anes .210 

Carbonic anhydrid (COz)...... 1.036 

Waters (HoO) saan spinster .212 

Oxygen equivalent............ 3.585 

MO tale setae . 28.700 


Hypothetically combined as follows: 


Grams Grains 
per liter, per gallon. 
Sodium chiloriduiNaGl)tenaci ass a5 are eee 25.761 1504.758 
Calcium chloridi(@aWla\o wscs acs seig.cr tie cutee « . 962 56.190 
@aleimyrsulfates(@asO ances. ed weccisoe cle .009 .525 
Calcium bicarbonate (CaH2(COs)2)............ . 236 13.780 
Magnesium carbonate (MgH2(COs)s) ......... 1.485 86.738 
Iron bicarbonate (FeH,(COs),) ............-- .027 1.577 
STUNTS OA) ein ie cine trance Gach SC e aan ee .010 584 
Organic matter by difference................ .210 12.225 
DO tal Siar ne are ker bteve cr ce es Stet etc iat 28.700 1676 .377 


Analysis by E. C. Franklin. 


This water also contained traces of bromin and potassium. 


72. Quarterly Report Kansas State Board of Agriculture, December 31, 1885, 
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COMPARISON OF SIMILAR WATERS. 


The chlor-carbonate group is well represented by many famous 
waters both in this country and abroad. Some contain only 
small quantities of mineral matter, while others are heavily 
mineralized. On account of the abundance of free carbon dioxid 
which they contain, they are usually clear, sparkling, efferves- 
cent, and agreeable to the taste, especially at a comparatively 


low temperature. Some typical waters are: 


Putah, Lake County, Cal., Howard Springs, Excelsior Spring. 


Grains per gallon. 
Analysis by W. T. Wenzell. 


Sodigmichiorids<> 2 - ene 101 Go, | -lron biearbonate 24-22 
Sodium bicarbonate........... S410 oe Ala ninidee sere eer 
Potassium chiorid..o3-— 445.52. STS AW SULICAS Ns aoe on a eer aes 
Lithium chlorid’ 2 sees acc S:a5.). Organic matter... 0+ see ee 
Calcium bicarbonate Naa RS faye 6.30 Nistah ot ae 
Magnesium bicarbonate....... 2.81 

Free carbon dioxid.............. 134 cubic inches. 


Saratoga, N. Y., Hathorn Spring. 
Analysis by C, F. Chandler. 


Sodiumichlorids-c.2-. 509.968 | Calcium bicarbonate........ 
Sodium bromid:c..--..<..... 1.534 | Magnesium bicarbonate..... 
Sodinin! 1odids + s+ 4072 eee .198 | Barium bicarbonate......... 
Sodium phosphate........... .006 | Ferrous bicarbonate......... 
Sodium bicarbonate.......... 4288" be AT ae ee et ee 
Potassium chlorid............ 9 50Ti 4) BilGa:. = cas sca Sos oe eee 
Lithium bicarbonate......... 11.447 T 

Otal doce => 5. eae 

Catbonidioxi@aee ee tee eee ae 575.747 cubic inches, 


Ems on the Lahn, Germany, Kesselbrunnen. 


Analysis by Fresenius. 


Podinim. chiorid: ves -- ne ee 62.164 | Ferrous carbonate........... 
Sodium carbonate............. 80.303 | Manganese carbonate........ 
Sodinin sulfate. 3. 35 ba tens .049 | Aluminum phosphate 
Potassium sulfate............. 3149 a BiliGan ere eae ee ree ee 
Calcium Cal DODALE. see ae 10.073 Total oy oe se 
Magnesium carbonate......... 6.808 
Strontium and barium carbon- 

BOSS er sien eter exe afeic Seer .024 


1.85 
.03 
13.10 
14 
169.48 


170.646 
176.463 
1.737 
1.128 
131 
1.260 


888 . 403 


.162 
.028 
O77 
2.918 


165.755 
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Nassau, Germany, Selters (Seltzer). 


Analysis by Hastner. 


Sodiumychloriclyssseesssaen 137.824 | Magnesium carbonate........ 12.128 
Sodium carbonate............ 54.224 | Manganese carbonate......... .016 
Sodium (sulfatewe ssc secu 2.088 | Ferrouscarbonate............ .632 
Sodium phosphate. ......... .002 | Aluminum phosphate ........ .003 
Potassium chlorid............ DESU2 DUCA rey utter ak setuc eit veer 2.000 
Galonumbsulfaters ts. accuna. os 2.088 

Cali anigi a. 14 816 EL OGL sats hence Pathe ah teense 228.148 
@aloium@iluonricd ta. e wok eos: 013 


A Comparison of some of the Most Important Constituents of 
the Chlor-Carbonate Group. 


Grains per gallon, 


NAME, Solids. cae i pleat eabereg Rete ee 

bonate. bonate. | carbonate. 
Wherry valores arias costar oes 111 51 52 2 4 
et crok rake sto oor be ees 5 1100 971 8 60 25 
UES Breer 8 ae pe 891 798 1 55 35 
PIGuia ec see ees Se icons 771 671 2 40 31 
IMEVATIOOULE sac asie ores cag stern eon 1676 504 Ge) Beaneaeaes 13 86 
MOP teSCOL eae y.tes ok a ctorte Reavers 109 AO) | ieeteceerts : 14 trace 
AGA et alee. cer ass es 169 101 34 6 3 
Hathorn, Saratoga............. 888 509 4 170 176 
iRinass Germany,.s.c ce: oe. c ne se 165 * 62 * 80 10 6 
Nassau Germany. sche eee 228 cot NBS * 54 *14 * 12 


* Carbonate. 


As in the previous group, here, also, the sodium carbonate is 
small, and the free carbon dioxid is not abundant. On this 
account it is not easy to find waters that are similar to the 
Kansas waters. The Kansas waters contain common salt, with 
calcium and magnesium bicarbonates, while waters like 
Hathorn contain the same ingredients, but the water is sur- 
charged with carbon-dioxid gas. 


17—vii 


CHAPTER XV. 


The Sulfid Group. 


Sulfid waters, or those giving off free hydrogen-sulfid gas, are 
very widely distributed all over the world. This gas, which is 
considered of great value by many physicians as a constituent 
of mineral waters, often issues from the earth in the vicinity of 
semi-active volcanoes, and the chemist readily understands how 
it may be set free by the action of hot water on sulfids. Or- 
ganic matter, which has a tendency to reduce sulfates to sulfids, 
often assists very much in its formation. The therapeutic ac- 
tion of this gas has already been discussed (see pp. 65-67). 

These waters may contain not only the free hydrogen-sulfid 
gas, but the sulfids, sulfhydrates, and perhaps thiosulfates 
(hyposulfites). The therapeutic action, as has been noticed, 
is supposed to be different when we have a solution of a sulfid, 
etc., from the action of the gas simply dissolved in water. 

The sulfur waters of Kansas are not numerous, but some of 
them may become of importance. Several of these waters are 
those that supply the cities of the southeastern part of the state. 
Here the surface-waters are very unsatisfactory on account of 
the proximity of coal-mines, and the deep well-waters are the 
only supply available. As the deep-well waters are allowed to 
stand exposed to the air oxidation takes place, and a white deposit 
of sulfur soon forms in the reservoir. If the water is delivered 
to customers directly, without proper aeration, the smell of hy- 
drogen sulfid still remains in it, but the residents, at least, soon 
become accustomed to this taste, and, as otherwise the amount 
of mineral matter is not large, the water is favorably regarded. 
There is, however, a possibility in the extreme southeast that 
these deep wells may strike veins of lead and zinc, and that the 
water may be contaminated with these metals, especially the 
latter. 

(258) 


~— 
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Other waters here classified are rich in chlorids, and would 
be classified as dilute brines, if they did not contain hydrogen- 
sulfid gas. They possess, therefore, the therapeutic properties 
of both classes of waters. 

A sulfur water can be recognized not only by the odor, which 
is that of rotten eggs, but also by the deposit of yellowish-white 
matter (sulfur) in the spring. In some waters there is a black 
deposit of iron sulfid. A silver coin placed in the water soon be- 
comes black from the formation of silver sulfid on the surface. 

This group is represented by the following waters : 

Brookville, Saline county. 

Cherokee, Cherokee county. 

Columbus, Cherokee county. 

Sulfur Well, Cloud county. . 

Fort Scott, Bourbon county, artesian well. 

Fort Scott sulfo-magnesian well. 

Girard, Crawford county. 

Haddon mineral well, Geary county. 

Madison, Sulfur Well, Greenwood county,. 

Pittsburg, Crawford county. 

Wakefield, Sulfur Well, Clay county. 


Brookville Well, Saline County. 


The water from a well some distance southwest of Brookville 
proves to be a strong sulfur water. It is clear and limpid at 
first, but after a time deposits a sediment. The water contains 
much magnesia and iron, probably existing as chlorids; cal- 
cium, as sulfate and sulfid; sodium chlorid, silica, and free 
hydrogen-sulfid gas. This water may be mentioned as of 
considerable interest, and quite likely to be of value medicinally. 


The Cherokee Well. 


In the southeastern part of the state it was for some years 
difficult to obtain good water for domestic purposes. Shallow 
wells in the vicinity of the coal deposits yielded water that was 
very unsatisfactory, and the surface-waters were liable to be 
contaminated with the drainage from the mines. On this ac- 
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count deep wells have been bored in several localities, especially 
for a public supply in the cities of Cherokee, Columbus, 
Girard, Pittsburg, Weir City, Fleming,and Midland. Though 
some of the waters are not so good as might be desired, they 
are more wholesome than that from surface wells. 

The well at Cherokee is just south of the city, and the plant 
may be taken as a type for the others. This well is 916 feet 
deep, with 315 feet cased. The upper part of the well is cased 
with eight-inch tubing, and the lower part with six-inch tub- 
ing. This casing is cemented to the rock to keep out all waters 
flowing over the coal strata. No less than 30,000 gallons per 
day are pumped from this well without exhausting the supply. 
As will be noticed in the case of the other wells of this charac- 
ter, the temperature of the water issomewhathigh. The white 
deposit of sulfur separates out of the water after it has stood 
some time, and the water when first drawn has the odor of 
hydrogen sulfid. The Cherokee plant was constructed in 1896, 
and is owned by the city. 


CHEROKEE CITY WELL. 


Grams per liter. 


IONS, BADICALS. 

Sodium (Najera. oo eee .1310 | Sodium oxid (NazO)............ . 1769 
Potassinm (i) 5-60 ene eee .0085 | Potassium oxid (K20)........... .0103 
@aleiumi(Ca)sn ac eee es .0622 | Calcium oxid (CaO) .........--- .0869 
Magnesiuni (Mo)5. 2 aaseer amen .0313 | Magnesium oxid (MgO)......... .0521 
A ori CAN) ees iene .0019 | Aluminum oxid (AlzOz)......... .0037 
Chiorin® (Cl) tera. oe seen eee $0943. 4) Shiorm (Chas Mee a eee ee Oe 
Sulfuric acid ion (SQs).......... .1423 | Sulfuric anhydrid (SOz) ........ .1187 
Silicic acid ion (SiOs)........... .0112 | Silicic anhydrid (SiOz).......... .0089 
Carbonic anhydrid (COz)....... . 2478 

Water (90) oe eee .0538 

Oxygen equivalent ............. -0212 

Total. Soc eee eee .8322 
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Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
HoalumuachloniduiNaG!) reac weneten see ae cee: alist 9.045 
Sodium bicarbonate (NaHCOs).............. .1838 10.719 
Sodium sulfate (NasSOg) 01.1 Tie) eae ces 0497 2.898 
Potassium sulfate (KeSOu)........... 0... 000- .0190 1.108 
@alciumisulfaten(CaS Ounces eaaaseee 1541 8.988 
Calcium bicarbonate (CaHe2(COs)2)........... .0678 3.954 
Magnesium bicarbonate (MgH2(COs)2) ....... .1901 11.086 
Pee AL imnin aa CAS OS\enetnn oes state cues 8 ociaaiet .0037 .216 
RSUEC ASL Ola) seeren tian Wi Sara cu suet cate vcce Qe .0089 519 
Totals ...... Le Rea ee paca Re creien te tes care 8322 48 .543 
Hy drogen-sultid eas. aneanconen crea: abundant. 
POM POravulreneccclee cig carte ae pace Ol ((alAssoa 5) 


Analysis by E. H.S. Bailey and A. S. Hull, 


Cloud County Sulphur Spring.” 


Grams per liter, 


IONS, 

SSOGLMUNNGRON GS inees Nem Ron eg eaten Paes trace 

Waleiuméa (Ca) seer eee ee pelsli7al 

Miaonaeciunnals (Mia) weyers na csistaca acta .0065 

PRON (HO)! Se a mere eee une oe trace 

Sullunicacidnon(SOs) men wero . 1482 

Hypothetically combined as follows: - 
Grams Grains 
per liter. per gallon. 

Sodium sulfate (Na2SO,)..... ........+..0:. trace trace 
Caichwmn-sulfate((Cas@Oy ruc. .ce. este cs . 1662 9.698 
Calcium bicarbonate (CaH,(COs),).......... .2753 16.064 
Magnesium sulfate (MgSOu).............--.. 0325 1.922 
Iron bicarbonate (FeH,(COs).).............- trace trace 
Eydrocen slid (Els Sy neti rycie cee. ame: .o15T 18.443 
Ota aces see to ticus cows ea eote wee acetals . 7897 46.127 


Analysis by G. H. Failyer. 


Columbus Well. 


The well in Columbus is still deeper than that at Cherokee, 
being 1400 feet deep. A well ninety feet deep and ten feet in 
diameter is pierced at the bottom by a four-inch hole, which is 
cased to the bottom. The pump, which is of the ordinary lift- 
ing variety, is placed at a depth of sixty-five feet in the well, 
but the water is usually about on a level-with the pump. After 


73. Bull. U.S. Geol. Surv. No. 32, p. 174. 
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lifting the water to the surface, it is discharged through an 
aerating fountain into the center of a basin or reservoir. From 
this it is pumped to a stand-tower some distance away. While 
standing in the reservoir it has been noticed that the sulfur 
separates from the water and gives it a milky appearance, which 
is said by the local observers to be more marked before a storm. 
The odor and taste of hydrogen sulfid are both very apparent in 
the freshly-drawn water. 


COLUMBUS WELL.” 
Grams per liter. 


rocrelepaanONEy) mrcwined gooeon amor 
IP OtASS IID (KG). nage esr ece er 
Arta (bee ee te ee 
Calciuman(@a\ineec sata nce ree 
IMaoneaims (Mic ieee meer 


SUIKO oA ban, (Si)) Hobaassccs saover trace 
Tronk (He) saa eee ee .0004 
thane Wn (CAl)) eee ener trace 
Manganese (Mn).............. .0002 


Chior (Clee yoeee secre cee .0355 


RADICALS. 
Sodiumioxidi (Nay O\— as see .1551 
Pofassiuna oxic (15 O) meyaecics .0042 
Pnthivunnexid (iO) 21-2 25459 .0001 
Calcium oxid (CaO)........... .0607 
Magnesium oxid (MgO) ....... 0368 
Strontium oxid (SrO)...... ... trace 
Fronoxid(HeO}mi.sm aces .0007 
Aluminum oxid (Al,O3)........ trace 
Manganese oxid (MnO)........ .0003 


CBlorins (Clee eae eee .0355 


Sulfuric acid ion (SQ4) ........ .0144 | Sulfuric anhydrid (SOs) ....... .0120 
Thiosulfuric acid ion (S,O3).....0084 | Thiosulfuric anhydrid (S,O,).. .0072 
Silicic acid ion (SiOs)........-. 0085 | Silicic anhydrid (SiO,)........ .0067 
Carbonic anhydrid... not determined 
Hydrogen sulfid (H,S)......... .0110 


Hydrogen sulfid.......... 7.27 cc. per liter, or 1.68 cu. in. per gal. 
Memperaturene, ss tanae 24° C. (75,2° F.) 
Analysis by G. H. Failyer and J. T. Willard. 


Fort Scott Artesian Well.75 


As early as 1884 a well was bored at Fort Scott for the pur- 
pose of obtaining gas. The mouth of this well is 840 feet 
above the level of the sea, as shown by the survey of the Kan- 
sas City, Fort Scott & Memphis Railway Company. It is 
bored on the south branch of Marmaton river, at the foot 
of a bluff 550 feet from the channel. The mouth of the well 
is 100 feet lower than the plateau. The bluff appears to 
consist of limestone, hydraulic cement, coal, fire-clay, and bi- 
tuminous shales. The diameter of the well is eight inches 


74, Proc, Kan. Acad. Sci., vol. X, p. 64. 


_ 15. Kansas City Review of Science and Industry, vol. VIII, p. 485. Also, Trans. Kan, Acad. 
Sci., vol. IX, pp. 96, 97, 
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down to 335 feet, to which point the well was tubed with iron 
pipe to keep out the surface-water. Below that point the well 
was bored dry forty-five feet to a depth of 380 feet, at which 
point the drill struck fourteen inches of gravel, and salt water 
rose to within eighteen feet of the surface. Boring was then 
continued to a depth of 510 feet, when water of a different com- 
position was found, which began to flow slowly from the well. 
At a depth of 621 feet the boring was discontinued and the drill 
removed. 

Since that time the well has flowed a clear, steady stream, 
said to be over 10,000 gallons per day. The flow is practically 
continuous, without any gaseous agitation. The pressure of 
the water is sufficient to raise it in apipe five feet above the 
mouth of the well, at which height it remains stationary. For 
the drill record of the well the author is indebted to Mr. E. F. 
Ware, at that time secretary of the artesian well company that 
made the original boring. The drilling record, which is an in- 
teresting one, is as follows: 


Total 
NE MENGVST(6 UA at AS,5. Aah ery Gy Se oma stone ein ear ieae meRe eerieee, Ran mea a 25 feet. 25 feet. 
Gay esas et astro neo oe a eae Seen as Heenan a ait Bye Oc 
OA DSEGMO Nc cc cee errata heer scien rhene ane wae lay Aiea te 
SUN Eb del toa atasth at 3 Asian mr aC IRAP acta aocrerarr oe Pre Eanes 3) ¥s 48 « 
aR eisai ew cide ac se ie Gee actais sins OA ania ciate 8 YANNI — bopb tage 
PHOAPSGON On cre at mrsi teria us vega he ereid aioe toric cite a aieta enee es oe 15 feet. 63 feet 
SS TACG tae eter A Pr See eee aor srat a eae Sete thoraeeemens ates es 6on¥ 
SHG ey oe oh cal eed 0, ae aN tee a Rae ae gr Ca Seen PASH ORS aco 
RIDA DS LOM Om notes teste ee neater Mya ee Cee bob usattnts, arable s!neteress 17 feet. 82 feet. 
Blue limestone.......... Be ae ata in ome xc ohce sarees) 3 oe vera Oe ay St Soars 
SoapStOnO ier termoruak yee e aro ces cia etele Manclaey Steely inte aials Be). SOR 
SOniISanascOonerer: ier ae see ee eel vised sides oe etouelera onetiaen aaa By te 185 * 
SOR PSLORCE: eretemnccc Ae tliat ah were <ceyanes ascot cha er alate iOm 253 
STOW? SANGSLOHOm ase e > tei tlre hive as sian oleh tennuaene 3 yy 280 ‘ 
GEAY, HAM ASLONGs waplereie eu erels caelercite state eles aie ee tercis aioe sya tg Be 28. (eee 
WI terSaANIGSLONO cea axe ane ores Sate eee eisste ere sie curnaeie ae ae PAs) UC Sibpie 
SIGCSE RGR aad ean ret er, a ONE earners IP wt 324 «6 
IG OLC LAY mite ora eres Sees ancien tease: Hyicelany pate Sate wce aes god 4 % 328) 
MORPELONS ANG pSlALO wires arms ace: astagtia see Sariacreses LORE 338 ¢* 
Slaten iron pyLiveOs:o.\5.02 o aeiesincoicid esac oertoee BE 343 
1 SN Ba\ Higa 52 9 hey tas Boe: Rigen tne AeA Rate a eae ke ae a oe ne 23: < 366 * 
PUTMGFANOVMMOStONG sa rayecu ssleiS eereore.e Glee Feiner ce cineas 14 380 ‘° 
ONO VIC Orta claere tee cee ech cla a fat levcnc tous oie teyel guste eevee Norrie ate yel 14 inches. Bole 
AMOR tONG sare ae ein sient eT Lae tte: Tue et oe cients = Skeet 4 feet. 385 feet. 
ETTORE ATEN Gann tory: teers ieee ai ete estate cccieie Seen eee {ee 9 460 * 
Vienyali arc eilin teary cues onege is oe Lic ctaretatel ia sie ish slept erausiet avoyeys Sie 465‘ 


IN PxedetlINt ANG dIMOStONG, woes sales wok ee kee cues caslecasts o's Some. G2 
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For the last 250 feet the borings were white mixed with gray, 
the pieces showing frequent specks of iron rust. 

The water, which has a slightly sulfurous odor, rises smoothly 
and steadily in a six-inch tube. This water, as may be seen 
from the analysis below, may be classed as sulfo-saline, contain- 
ing borax and lithium as rare ingredients. Comparing this 
water with that of other wells, we find it to be similar to that of 
the Blue Lick Spring, of Kentucky, except that the Fort Scott 
water is more dilute and contains borax as an additional in- 
gredient. As stated above, it is quite probable that the water 
as analyzed is a mixture of waters from different depths. Fort 
Scott is easily reached by either the Missouri Pacific, the St. 
Louis & San Francisco or the Missouri, Kansas & Texas rail- 
roads. The composition of the water is as follows: 


Fort Scott Artesian Well. 


Grams per liter, 


IONS, RADICALS, 
Sodiuna-(Na)ee maser eee cee .0499 | Sodium oxid (Na,O)........... .7348 
Potassium). ocean trace | Potassium oxid (K,O)......... trace 
it hitomi) eae ee eee traces, ithiumeoxid (hi 1@ aera ee trace 
Caleta: (Caysoeenecen ea veer .0695 | Calcium oxid (CaQO)........... .0973 
Macnestum: (Moc) Reser. cere oe .0354 | Magnesium oxid (MgO)........  .0591 
Prorin (He) agacctaartwd eee ee 10054 || Eroncoxidi(Be@)iae-- aes. eee .0070 
@hilorint( Cle caer ect tcc AOS 00mm Cloning Cl)\e eee saree ee . 9366 
Sulfuric acid ion (SOu).......... .0100 | Sulfuric anhydrid (SOs)........ .0083 
Boric*acid ion (Bs07) 2. eae .0292 | Boric anhydrid (BsOg¢) ......... .0262 
Silicic acid ion (SiOz)........... .0206 | Silicie anhydrid (SiO,) ........ .0163 
Organicimattene eee .0201 
Carbonic anhydrid (CO,)...... .1442 
Water (His O)\h cs. eee .0296 
Sodium hydrosulfid (NaHS)... .0032 
Oxygen equivalent............. .2114 
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Hypothetically combined as follows : 


Grams Grains 


per liter. per gallon. 
Bodiumechlorid(iNaGlieccescccdsec stares ec 1.3627 79.597 
Sodium biborate (Na, BiO7)....... IO cee .0378 2.208 
Sodiumisulfatex(Na SO). wccccccs. scent ose. trace trace 
Sodium hydrosulfid (NaHS8)..... idee ser yh .0032 .188 
Potassium chlorid(INCl\i.cc no. cece nee ce. trace trace 
Path tansehlonid (WiGl)icssa.cox us ome cea: trace trace 
Calcium, chlorid (CaOlitcc. << clscd a ai. 8 .0135 .788 
Calcrumesulfater(CasOs)e ace -seec< cane ce ve .0142 830 
Calcium bicarbonate (CaH,(COsz),)......... 2442 14.260 
Magnesium chlorid (MgCl,)................ . 1368 T2999 
Magnesium bicarbonate (MgH,(COs).) ..... .0052 306 
Iron bicarbonate (FeH,(COs).)...........-. .0173 1.008 
SU TGARS1O MG aenedree Mctceetted Sree s 6 sce a .0163 .952 
Organic mapieranes sen cases Kise eames .0201 1.169 
4 HOTA, Stine as Mente Oa aerate OOO 1.8713 109.305 
Free hydrogen sulfid....... trace. 
Free carbon dioxid......... trace. 
Pemperaturesncrs cscs ses IRE TOE (Ore Le) 


Analysis by E. H.S. Bailey and E. W. Walter. 


Fort Scott Sulfo-magnesian Well. 


A well 700 feet deep has been bored a short distance south of 
the Goodlander hotel, in the city of Fort Scott, and in this well 
the water rises to within forty feet of the surface. The upper 
part of the well is cased with eight-inch pipe and the lower 
_part with six inch. The water, which is nearly clear when 
freshly drawn, is delivered by asteam pump at the rate of twenty 
gallons per minute. After the water stands for a while a black 
sediment settles out. This consists essentially of iron hydroxid 
and sulfid. The odor and taste of hydrogen sulfid are very 
strong in the freshly-drawn water. The water is extensively 
used locally, and it is proposed to utilize it in a sanitarium to 
be built on the lot adjoining the well. 

At present the water is used in a temporary sanitarium 
which has been fitted up in the basement of the Goodlander 
hotel. Here are the usual facilities for taking mineral baths. 
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The Goodlander sanitarium has been recently leased by F. C. 
Oehler, and has been put in charge of T. L. Bishop, a hydro- 


pathist. 

The most important char- 
acteristics of this water are the 
hydrogen sufid, the amount of 
which compares favorably 
with other sulfur wells and 
springs; the common salt, 
which, however, is not pres- 


ent in such an excess as to \ 


render the water disagreeable 


to the taste; the magnesium § 
salts, which have a cathartic = 


action; the presence of a 
small quantity of borax ; and, 
finally, the alkaline quality of 


at) a w 
I I 
- nr aren bad pid 
cs EA me ‘om E 


The Goodlander Hotel and Sanitarium, 
Fort Scott, Kan. 


the water, on account of the presence of sodium bicarbonate. 


FORT SCOTT SULFO-MAGNESIAN WELL. 


Grams per liter. 


IONS, 


Sodiume (Naar ee eee .5945 
Potassummiy( s\n eee eae .0100 
Calcium (Ca\i en aan seo ree .0763 
Maenesiumin( Micha sssereciesins .0357 
Prong (He ener en tre .0021 
ANU oroovateTE (AW), ow. Se ochee aooc 0076 
@hlorini(C]) ae kee eae 9441 
Sulfuriciaciduion(SOn);sssae sas .0062 
IBoricjacidiion!(B4O7).eae see ees .0O110 
Silicicracid ions (S1@s)sesre eee .0258 
Sulfurn(S) Sha wee eee .0203 


RADICALS. 
Sodium oxids(Nas@ ees se eee 8198 
Potassium oxid (K20).......... .0122 
Caleiumioxidli@a@ye sean oe 1023 
Magnesium oxid (MgOQ)........ .0595 
fronioxid (HeEO\e ase. see oe .0027 
Aluminum oxid (AleOs)........ 0144 
Chiortnt(@l\y-2 ee see ee .9399 
Sulfuric anhydrid (SOs'........ 0052 
Boric anhydrid (BsOg)......... 0102 
Silicas(SiOa sess. sa ee eae .0204 
Carbonic anhydrid (COz)....... 2908 
Water (HO)... .. cn ae oe wees .0591 
Oxygen equivalent............. 2120 
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Hypothetically combined as follows: 

Grams Grains 

per liter, per gallon, 
Sodium biborate (Na2B4O7)............... .0147 .8586 
Sodium bicarbonate (NaHCOs)........... . 2620 15.3034 
Dod ian ula NalaS lias. oneal ere cies trace trace 
Sodiumuchlornds(NaG)\ i .... 222 tee oe 1.3536 79.0767 
Potassium sulfate (K2SO%)....+........... .0113 .6600 
Potassium chionid (Clac. cus. t se aes .0096 .5607 
Calcium bicarbonate (CaHo(COs)s)........ .2768 16.1678 
Walerumiuchiloridd(CaGlo\accns. aes esa sae: .0140 8177 
Magnesium chlorid (MgCl:) .............. .1410 8.2358 
Tron bicarbonate (FeHe(COs)2)............ .0066 4497 
Abuminum OxidiCAlbOs)nc ct «can sas «con .0144 .8411 
Silica (SiOz)..... SERS cheno Gn eat ae emia .0204 1.1916 
PSRELL US) ine ee acrenS Oe heen She as trace trace 
ROY RTVESE Sot Seer nt Marne Serr REE ee 2.1244 124.1631 

Bam POrAtureLie +] lacen cacy « nei US) (Gig (OLN) 


Analysis by E. H. S. Bailey. 


Girard Well. 

The depth of this well is 980 feet, and from it 3526 gallons 
per hour are pumped. The water is 175 feet below the surface, 
so a pump rod extending to a depth of over 200 feet is used. 
The casing of the well extends down for 200 feet and the water 
is lifted directly into a tank above the pump-house. In most 
places this plan of lifting the water directly to the distributing 
reservoir has not been found so satisfactory as the plan of al- 
lowing the water to stand in a storage reservoir for a time, in 
order to aerate and give off its hydrogen-sulfid gas. The 
analysis of the water of this well is as follows: 


GIRARD WELL,” 


Grams per liter. 


IONS. 

Soanima ING e ea eos per . 2686 
@alenanin(Ca)nt.4 cnsas eee 8 .0932 
Magnesium (Me) mancseenrice nt. 0342 
TOM CBO) ctste on tie Soest an .0009 
Chilorm(Cl) sec ctr ens se aes oe .4025 
Sulfuric acid ion (SQu4)......... .3681 
Silicic acid ion (SiOz) ......... .0221 
Carbonic acid ion (COs)........ .0081 


RADICALS, 

Sodium oxid (Na2O)........... .3958 
Calcium oxid (CaO)........... 1255 
Magnesium oxid (MgO)........ .0570 
iron oxic! (He@) neces ee .0022 
@lonint(Cl)\aea oe eee een aie .4025 
Sulfuric anhydrid (SOs)........ .3068 
Silicic anhydrid (SiO,)......... .0175 
Carbonic anhydrid (CO,)...... .0510 
Water Hie@)iaosae ascetic .0104 
Oxygen equivalent............. .0910 

Vota lprystce nce ae ates 11, Carrey 


76. Trans. Kan. Acad. Sci., vol. XV, pp. 85, 86. 
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Hypothetically combined as follows: 

Grams Grains 
per liter. per gallon. 
Sodium)chloridi(NaG@)\icme.. ee ce ere 6632 38.7375 
Sodium sulfate (NasSOan.... . 224-5 eee .0824 4.8130 
Sodium bicarbonate (NaHCOs)..........-. 0226 1.3201 
Calcium bicarbonate (CaHo(COs)2)....... . .0668 3.9018 
Calcrum™snuliate (CaS O72) seer eee . 2486 14.5207 
Magnesium sulfate (MgSO,).............-. 1711 9299389 
Iron bicarbonate (FeH2(COs)2)...........-- .0055 3212 
Silicat(SiOs) ewes. ee rae vg levevi. She eye .0175 1.0222 
"Otel S:cae eyesore ota th tora pe eee 1.2777 74.6304 

Temperature ese... as 23.3; 10 A Toate) 


Analysis by E. H. S. Bailey and H. E. Davies. 


Moss Springs Well, Geary County. 

A well drilled in 1883 at Moss Springs, on the property for- 
merly owned by Mr. Haddon, in the southeastern part of Geary 
county, was reported by Professor Failyer. ‘‘The well is eighty 
feet deep. The owner of the well states that at a depth of about 
sixty feet a blowing noise was heard in the well, as thougha 
cavity containing compressed gas had been tapped. He does 
not remember to have observed the odor of hydrogen-sulfid gas 
at this time. The noise may have been due to the escape of this 
gas, but it does not seem probable.’’ The well is now owned 
by R. A. Snedaker, Alta Vista P. O. 


MOSS SPRINGS WELL, 


Grams per liter. 


IONS. RADICALS, 

SLOeHib MONE isso ocantomon ahcccuies {OSL || sSodiumioxid(NasO)ess. ae eee roo 
IDidantohanw BME se sonownos Co ucoeee traces | mlithrum Oxideli, ©) eee trace 
Calciumy (Ca) nao en eee eee .2008 | Calcium oxid (CaO) ............ .2812 
Magnesium (Mg)...........:... .1041 | Magnesium oxid (MgO)......... .1739 
Tron:(He) resect ee ene ee \OO20ai Welton oxid (6 @)\. a =e eee nee .0033 
AMET s acc oocenoucuck .0128 | Aluminum oxid (AlsOs)......... .0241 
Cliloriny (Clie asco seiner OST ay Chlarine(C lige aa a eee .0137 
Locitn(L) etter ee Oe see traces) lodint(@\ge.6-6 en eae trace 
Sulfuric acid ion (SQ4:.......... .7710 | Sulfuric anhydrid (SOs)......... .6412 
Phosphoric acid ion (PO) ...... trace | Phosphoric anhydrid (P,O;).... trace 
Borie acid ton"(BsO7)).. 2) ee. trace | Boric anhydrid (ByOg) .......... trace 
Silicic acid ion (SiOzg)........... .0107 | Silicic anhydrid (SiO,)......... .0150 

Carbonic anhydrid (CO,)....... .0188 

Hydrogen sulfid (H,S).......... .0337 


Analysis by G. H. Failyer, 
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Sulfur Well, Greenwood County. 


This is about eleven miles northwest of Madison. 


The sulfur 


is said to deposit from the water when it is allowed to stand. 
In the vicinity of Madison, and also in Lyon county, in the 
valley of the Verdigris, there are a number of wells containing 


saline waters. 


SULFUR WELL, MADISON, 


Grams per liter. 


IONS, RADICALS, 

Bodiuma(Na) ote ones aac oe 1.3604 | Sodium oxid (Na,O)........... 1.8391 
Walon (Galion ie esos cosh elOGIS FC@alcinumvroxidi(Ca@) tain. pee 2329 
Magnesium (Mg).............. .0016 | Magnesium oxid (MgO)........ 0027 

Tron and aluminum (Feand Al), trace | Iron and aluminum oxids 
Sulfuric acid ion (SO4)......... 5442 (Fe,O3 and Al,Os3)......... trace 
honing sce es Sao cree 1.9163 | Sulfuric anhydrid (SO3) ....... 4525 
Silicie acid ion (SiOs).......... S02 30e ie Chlorine eae eee yeas. ace 1.9163 
Silica and insol. residue (SiO,), .0186 
Carbon dioxid (CO,).... considerable 
Carbon dioxid combined....... .1063 
Wiaterhls ©) eres ear. sae 0143 
Oxygen equivalent ............ 4336 
Wa Pe es cc ecten Cree GaSe ORE ROE- 4.1491 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon. 
Soar ch loricds (Na C@l\seee oe. eee 3.1625 184.7216 
Sodium sulfate (Na,SO4)s sh. cece cdc ek. . 3648 21.3079 
Calcium sulfate (CaSO). a oes: a ose: .4199 24 5693 
Calcium bicarbonate (CaH,(COs).)....... 1735 10.1202 
Magnesium bicarbonate (MgH,(COs).).... .0098 5435 
Silica and insoluble residue.............. 0186 1.0864 
MLO GA IS rte iatry cceyaiahan ena seat teehee hile Core 4.1491 242 3489 


Analysis by F. W. Bushong,. 
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Pittsburg Well. 

The well supplying the city of Pittsburg with water is not far 
from the main street and near the principal hotel, in the north- 
ern part of the town. There is a reservoir 130 feet below the 
surface into which the well discharges, and from this the water 
is pumped to an aerating basin on the surface. The waiter is 
allowed to stand here for some time and then it is pumped to 
an elevated tank, from which it is distributed. The tempera- 
ture of the water is 18.3°C.(65° F.) A partial analysis of. this 
water shows it to contain about the same constituents as the 
other deep wells in this section of the state. There is the usual 
amount of hydrogen sulfid, which causes a deposit of sulfur 
in the reseryoir when the water is allowed to stand for some 
time. 

Wakefield Sulfur Well. 

This well is situated on the farm of Dr. Charles Hewitt, on 
the south side of a bluff which is 100 feet above the bed of the 
Republican river, at a point in Clay county where the river runs 
toward the east. The well is 122 feet deep, and ordinarily con- 
tains forty feet of water, which can be lowered to twelve feet by 
vigorous pumping. The well is drilled through rock for at 
least two-thirds of its depth, and there is a very flinty rock at 
the bottom. It furnishes an abundance of water from a strong 
vein, so that an ordinary windmill will supply a continuous 
stream. The location of the well would indicate a depth of 
about eighty feet below the river bed. 

The water when first drawn has quite a milky appear- 
ance, and emits an odor of hydrogen sulfid. It becomes 
perfectly clear on standing and deposits a small quantity of 
white sediment. If the water is allowed to stand for several 
weeks, in a closed vessel, it deposits a black precipitate, which 
is no doubt iron sulfid, and there is a considerable odor of 
hydrogen sulfid. Sometimes, however, there is no odor of hy- 
drogen sulfid to be noticed from the freshly-drawn water. 
This may be on account of its alkaline character. As the 
analysis shows the presence of large quantities of sulfates, it 
is evident that something in the water has a reducing action, 
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which results in the production of hydrogen sulfid. This action 
then takes place ‘to some extent in the rock strata from which 
the water comes, but more readily at a higher temperature in a 
closed vessel, after being drawn. 


WAKEFIELD SULFUR WELL, 


Grams per liter. 


IONS, RADICALS, 

SSGGIIING GNA) esters aes ak eek .1667 | Sodium oxid (NasO)........... . 2240 
sgleinmi( Gales. cies lace ees rooge: | @alerum: oxid) (CaQO)e yo... a. 95: 5449 
Magnesium (Mg)............... .1050 ; Magnesium oxid (MgO)........ 1748 
Perein (ENG cern ee Shai ae tien he sak LOSS eel OnOxrci(HeO) seinen 03825 
MumMIMNUM CAN) send ee oo ea .0281 | Aluminum oxid (Al2Os)........ 0530 
Chiari (ON uit on tach 0382 | Chlorin (Cl)............... 5. 0382 
Sulfuric acid ion (SO,).......... .7200 | Sulfuric anhydrid (SOs) ....... .6002 
Silicic acid ion (SiOs),.......... 8271 | Silicic anhydrid (SiO»),........ 6546 
Carbonic anhydrid (CO2)...... 8881 

Waters (Ho@) 4 2ererictntatinacer .1814 

Oxygen equivalent............ .0086 

Oval setae tines aci eos 3.3826 


Grams Grains 
per liter. per gallon, 

SodumrvehlorianiNaGli\ yas setae .0630 3.680 
Sodium sulfate (NasSOz)................. .4364 25.490 
Calciaum*sulfate (CaSOa. oo. cae vacate: 6034 35.244 
Calcium bicarbonate (CaH2(COs)z)........  .8582 50.127 
Magnesium bicarbonate (MgH2(CQOs3)2).... .6336 37.010 
Tron bicarbonate (FeH2(COs)2)............ .0804 4.695 
Ahaminuamoxid!|(AIOs) (ve os cains Give shseio dots .0530 3.096 
Silica and insoluble residue (SiOz) ........ .6546 38.240 
Motalsiccevnenaests Py ors CNS Soa 3.3826 197 .582 


Free hydrogen-sulfid gas. 
Analysis by E. H. S. Bailey and B. F. Porter. 
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COMPARISON OF SIMILAR WATERS. 


Grains per gallon. 


Greenbrier, White Sulfur Springs, Virginia. 
Analysis by A, A. Hayes, 


This is one of the most-noted sulfur springs in the world. 


Calcium carbonate............. TOT |e Silicateg get. mek eee a 
Calcium sulfatessenee > sees ee (8.00 | Organic matter... 2s. ..4.-- 
Magnesium Chioridtevsaen tack a 1.00 stat ee a Pat ce att 
Magnesium sulfate............. 35.42 
Garbon-dioxid?gas......../........ 11.28 cubic inches. 
Hydrogen-sulfid gas............... 24 cf 
Ox ye Cine eerie ee tele ce eran 48 at 
INTCLOPSNISS iceadids ete coe erener te lacey 4.64 e 


Temperature, 62° F. Flow, 1800 gallons per hour. 


Colusa County, California, Wilbur Springs. 


Analysis by Winslow Anderson. 


Sodiumiyehloridsese eee eee 19.75 | Magnesium carbonate...... 
Sodiumicarbonate..-.mecee sae 3.40 | Magnesium sulfate......... 
SHSM UY os oo osigc.oSu0-o0cc 96.19, | Ferrous sulfate............. 
Potassimmachlorid a nereeear 46: 1) Allman ann eee as natrine oe ree 
Potassiumiodid&er.. cere Oo SULCA tse ya seeaya tae er erst ae 
Calcium carbonate............. Sv44) | sOrganicmatterss: een 
Calcuumesulifa tem seevasee sec: 20.62 es cee ee OL 
Hydrogen-sulfid gas............... 43.97 cubic inches 


Alpena, Mich., Alpena Magnetic Well. 


Analysis by Professor Edwards. 


Sodimmych ori dite 243.89 0|) Calcium sulfid...- 22 aces 

Sodium carbonate............. 1.67 | Magnesium chlorid......... 

Sodium*isul fide aneeetlee 28.05 Total ats essere ee 
Hydrogen-sulfid gas...... 7.38 cubic inches. 


Sharon Springs, N. Y., White Sulfur Spring. 


Analysis by Lawrence Reid. 


Sodium» chloridarcmnesaeseeee 2.70 Calcium sulfate............ 

Magnesium chlorid........... ; Magnesium bicarbonate.... 

Calcinmesultid@esseeeceees Magnesium sulfate ......... 
; 3.00 

Magnesium sulfid............ Totals. oe eee 


4.36 
129.66 


182.56 
78.22 


534.39 
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Sandwich Springs, Ontario, Canada. 
Analysis by S. P. Duffield. 


Sodiummehlonidey sas eco .560 | Magnesium chlorid......... 
Sodium carbonate............. 48.560 | Magnesium carbonate...... 
@alorumichloridevces ters. ces ROG | OUICA awsk oe ee ua can Sarceies 
Calcium carbonate........... 38.504 Total weet ee 
@alemmiystilfatessece. conse e: 123 .832 
Waroon-diOxIGiGAssace] sie eines 10.00 cubic inches. 
Hydrogen-sulfid gas ............... 37.76 oe 
INTETOMON CP AS ence seins ne aes caer inraets 72 ef 


Aix-les-Bains, France, Sulfur Spring. 


Analysis by Bonjeau. 


Bodimmrehloridssaccacowe ee one .466 | Magnesium chlorid......... 
Sodium Aula tes. iso ceinss eee Sse 5.608 | Magnesium carbonate...... 
Calcium carbonate............. 8.672 | Magnesium sulfate......... 
GialChumisullate noo. seen «ose .936 | Ferrous carbonate.......... 
Calcium phosphate........... Aluminum sulfate.......... 
Calcium: fiiorid.., ....5 cece TBOS SOI Cag eerte cco ssc etter 
Aluminum phosphate........ EOS? cee, Fate psiis os sates ates 
POtals on ttparrsdshe ae wets 
Warbon-dioxids gaseseecere setae oor: 3.12 cubic inches. 
Hydrogen-sulfid gas.............. 6.56 ce 
INTCFOP ON eye cre sete ereleniee sake sere 152.32 te 
EEOMPCLAvULen-.c cocker sles sie 108-110° F. 


Nenndorf, Hesse, Germany, Trinkquelle. 


Analysis by Bunsen. 


Sodium: sulfate... .ac.... ccc ss 36.392 | Magnesium chlorid......... 
Potassium sulfate: cic. eae es 2.712 | Magnesium sulfate......... 
Calcium carbonate............ QTAOASM I Silicaaeiccmcte teeters eee 
Caleium sulfate.) :.ces. see 64.968 Maisie doe west. RO ae 
Caleramisuliidues sa: ese 4.440 
@arbon-dioxidtg asec. croc cmcee roti ent aee es suet ee heen chet 42.00 
lelygehyoetsynsstullttel SN) Bn enon coor aondoed an da0G.0s dob Dedcs 10.64 
Warbureted hy Gropens.n..2 seiscn ste tacts one aeeta ate nein ar 


INST OVEEENE, ceSen cic OOKOot BOOS OK MOOG o0 DGD, COSC OCG CON 


18—vii 
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12.944 
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Harrowgate, England, Old Sulfur Well. 
Analysis by A. W. Hoffman. 


Sodium Chioridsp pee cnr as 688,144.) Calcium fluorid =>. 9.252. 16 trace 
Sodiunijodid.seene ose eee trace | Magnesium chlorid........... 44 552 
Sodium! bromide. see oe eee trace | Ferrous carbonate............ trace 
Sodiumesul tid eee eee sere 12.384 | Manganese carbonate......... trace 
Potassium chloridmemsss ser ee 43) (60. | Ammonia ..ceece POG rte trace 
Calcium chlorid.......... Sejates ODE O02 alle LINC Bets seecete eee err ersten .200 
Calcium carbonate........... 9.896 Tota sl eer 864.432 
Calcinmesuliate.tas seen e aie .104 ; 
Gases. Cubic inches, 

GCarbonrgloxid@ee: per eee eee 17.600 

Elydrogenm eultide aascen aoe eee 4.248 

INISfO PON cs ascents cere 2.328 

Marsh cases Macc. ces saceun ate 4.672 


A Comparison of Some of the Most Important Constituents of the 
Sulfid Group. 

The comparison of these waters shows that there is very little 
analogy between them. ‘They are simply waters of various 
classes that contain hydrogen-sulfid gas, hydrosulfids, sulfids, 
or hyposulfites. The amount of mineral matter varies between 
wide limits, as the analyses quoted show; that of Aix-les-Bains 
contains only twenty-five grains per gallon, while the Harrow- 
gate water contains 864 grains. Chlorids are usually found, 
and sulfates are not wanting in any of the waters discussed. 
Indeed, sulfates would always be iooked for in these waters, as 
the sulfate ion is produced by the oxidation of the sulfur ion. 
The only exception to this would be in waters that contained 
barium and strontium, as does the Geyser well at Rosedale; 
here the sulfid may have oxidized and precipitated a part of the 
barium and strontium as sulfates. Magnesium and calcium are 
also generally present, but the carbonate ion is not usually 
abundant. 


CHAPTER XVI. 


Chalybeate (Iron) Group. 


The iron waters are usually carbonates, though the iron in 
some cases is regarded as a sulfate. Many of the waters here 
mentioned might very properly go in group IV as carbonates. 

Where there is only a small quantity of sulfate in the water 
it is evident that the iron has come from sandstones or similar 
rocks, and has been reduced by the organic matter which ac- 
companies the water in its course through the underground 
strata. Much of the soil contains an abundance of iron, and 
the waters, already charged with carbonic-acid gas holding 
calcium and magnesium salts in solution as bicarbonates, have 
only to come in contact with this iron and the rich vegetable 
mold to become in turn chalybeate waters. 

Many shales are filled with crystals of iron pyrites, and these, 
under the influence of air and moisture, especially in contact 
with organic matter, will oxidize, forming iron sulfate. Coal 
itself, or partially formed coal, as peat, is readily disintegrated 
by the action of the decomposing sulfids. Ordinary soft coal 
has but to be exposed to ‘‘weathering”’ to fall to pieces from 
this same cause. This gives us ‘‘mine water,’’ or, if shale 
which contains alumina has also been in contact with the de- 
composing material, an ‘‘alum water’’ is the result. It is evi- 
dent that the action of an iron-sulfate water, or an iron-chlorid 
water—both strong astringents—would be quite different from 
that of an iron-carbonate water. (See p. 55 for therapeutic ac- 
tion. ) 

This group is represented by the following waters : 

Arrington, Atchison county, Nos. 1, 2, and 3. 

Atchison, McDuff’s spring. 

Atchison, Electric Light Company’s well. 
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Bonner Springs, Leavenworth county, Forest Lake well. 
Bonner Springs, Leavenworth county, Forest Lake spring. 
Bonner Springs, Leavenworth county, springs Nos. 4, 5, and6. 
Coyville, Wilson county. 

Independence, Montgomery county, Parkhurst’s spring. 

La Cygne, Linn county. 

Lawrence, Douglas county, city supply. 

Louisville, Pottawatomie county. 

Mahaska, Washington county. . 

Muscotah, Atchison county: 

Topeka, Shawnee county, Mineral well. 

Topeka, Shawnee county, Capital well. 

Wetmore Springs, Nemaha county. 

Arrington Springs. 

In the extreme southwestern part of Atchison county, in the 
valley of the Delaware river and quite near this stream, are 
situated the Arrington springs. The village is on the Leaven- 
worth, Kansas & Western railroad, midway between Holton 
and Valley Falls. The springs were among the earliest devel- 
oped in Kansas, for as early as 1881 improvements were made 
here. There are numerous springs on both sides of the Dela- 
ware river, but those that have the most abundant flow are be- 
low the bridge that spans the river, and in the vicinity of the 
mill. The water from one of these springs (that one nearest 
the bridge) was formerly piped to a bath-house situated on the 
north side of the bridge. 

IMPROVEMENTS. 

The entire property consists of forty acres, but, on account of 
litigation, no improvements of any importance have been made 
since the earlier developments. The controlling interest in the 
springs was about three years ago purchased by D. S. Hencks. 
On the left bank of the river is a very pretty grove, in which the 
springs are situated. On the east side of this grove are twelve 
cottages. A bath-house and engine-house with steam-pump 
were formerly operated in connection with the springs, but since 
the burning of the hotel their use has been abandoned. In 1902 
a new hotel was built in the village, and the intention is to 
again develop the springs and make the place a popular resort. 
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ARRINGTON NO. l. 


Grams 

IONS. per liter, 

Sohn oeaM(IN EN) eek eoG ance pogosade 1183 

PO tase (MK res atciee on 0144 

IDRaN oR Mh neesouonounomune st .0015 

Calahumr(Ca) oe nant twee os .1165 

Nap GSiMie Me) ees ces ae aie 0374 

Tron (We) hen. 5 hate ee ore .0295 

Chlorine Gl) eens eee eek .0377 

Sulfuric acid ion (SO4)......... 0731 

Silicic acid ion (SiOs) .......... .0210 

Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Sodiumechlornds(NaGl) e.cee as .ce eter ee .0622 3.633 
Sodium‘sulfate: (NasS@7) 2 si. eos oe bs .0351 2.056 
Sodium bicarbonate (NaHCOs)............. .3107 18.148 
Potassium bicarbonate (KHCOs)........... .0355 2.091 
Lithium bicarbonate (LiHCOs)............. .0148 . 864 
Waletumculfate (CaSO es ea a cerccee .0221 1.291 
Calcium bicarbonate (CaHo(COs)z).......... .2810 16.413 
Magnesium sulfate (MgSOu,)................ .0321 1.874 
Magnesium bicarbonate (MgH2(COs)2)...... .1766 10.315 
Iron bicarbonate (FeH2(COs)2).............. .0939 5.484 
ICA SI Oa Keer err ce corse e ante vere .0169 987 
AIIM ONLUMNCTONG tOW orice ie ie 2 cape edo .0152 .887 
WOrraniema wer sec ccc sere sc ec cinch Hateee .0046 .268 
POtals aac Ga nae Se os Sale sisi es 1.1007 64.311 
Temperature........ 13.3° ©. (56° EF.) 


Analysis by Juan H. Wright, M. D. 


ARRINGTON NO. 2. 


Grams 
IONS. per liter. 
SOCMIMACN A) repre se) saree el telets e OLTO 
PN ATITLOMT AS (NEL) eatatreeraie ain areay stares trace 
Cale (Ca) cjaacrss soccer .0454 
Magnesium (Mg)................ .0156 
rong(he)iet ence seep sie certo ae .O161 
@blorini(C))\ceo-- eee nsaes sles: 


Silicic acid ion (SiOz) ........... .0204 
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Bath-house and Pavilion, Arrington Springs. 
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Hypothetically combined as follows: 


Grams Grains 

per liter, per gallon. 
Heamumechlonias (NaCl) semen aie ee .0370 2.164 
Sodium bicarbonate (NaHCOs) ........... .0965 5.637 
Calcium bicarbonate (CaH»(COs),) ........ . 1834 10.728 
Magnesium bicarbonate (MgH2(COs)2)..... .0953 5.569 
Iron bicarbonate (FeHo(COs)2) ............ .0528 3.084 
SULT GAm (Sa bree ane det WG eae a 0095 555 
ONPAnLONI a bLObaen sae aes eamieeselc as .O161 911 
JANG TAY SOVOVANE igs oe soe See H aet N: ts SRarR trace trace 
AL tia IS eemrae ery ee eerie chee rit cs .4906 28.648 


Analysis by Juan H. Wright, M. D, 


ARRINGTON NO, 3. 


Grams 

IONS. per liter, 

ocuumas (NG) pevsec tities emeeacs .0136 

BO CASS INIT (EC) eraemecrsicrstant telomeriereee trace 

it hiaime(lal)iccceepee ee eer trace 

@alonam (Calta nomena: ake .0240 

Magnesium (Mg)......... Leer: .0622 

Tonal Gen cpenerare st overuse eae rs .0399 

Chiloring (Clete keene .0350 

Tele bat (DS eee centeics aoe cerca notes trace 

Sulfuric acid ion (SO4).......... . 1802 

ilicie acidsion: (SiOs)iy.naaean ates .0116 

Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon, 

Sodiam-chioxidutNaCl) cc ceseccisceee ses eas 0344 2.003 
PPO UAGSIITIN MO CLICIM HAG iets erste crore) sjsisielehelele's Rie=e @ 08 trace trace 
DLeyhe WARY Sel (ED 8 i Sm orate, Pees esi ee eae ae trace trace 
@Calcinmesulfate(CaSOmiya. oc. eee sess. 0002 .308 
Calcium bicarbonate (CaHe(COs)2)............ .0914 5.334 
Magnesium chlorid (MgCle)................-. .0190 ei 
Magnesium sulfate (MgSOu).................. .2205 12.882 
Magnesium bicarbonate (MgHo(COs3)2)......... .O611 3.571 
Iron bicarbonate (FeH2(COs3)2)................ . 1206 7.044 
SCAM SL Os) eae ee saree eee + kee oe eae 0092 541 
ANGY NIELS alee rs Pra hgcio le eee fo nico Gero CIOS .5614 82.795 


Analysis by Juan H. Wright, M. D. 


280 


University Geological Survey of Kansas. 


Atchison Electric-light Well. 


This well is seventy-five feet deep. 


Iron deposits readily from 


this water, staining the drinking vessels. 


WELL OF THE ATCHISON ELECTRIC-LIGHT AND POWER PLANT. 


Grams per liter. 


IONS. 


RADICALS. 

Bod inusy (Ne) ie oe acme: -0414 | Sodium oxid (NasO)..........+6 0558 
IPotassiuims (ES) see ee .0114 Potassium oxid (K,0)........-- 0137 
Calcium: (@a)oa ae eee eee 1141 Galcinnvaxia arte, cade 1596 
Maonesiumi(Me) irc eectace tacts .0254 Magnesium oxid (MgO)........ 0423 
ya) WOR) eamtmmacs acm apt Sos oe .0675 Tron oxid (F'6O),....5... 5-0 -00e 0867 
Aamir GAT) eye eee cee .0300 Aluminum oxid (AlOs)......-- 0567 
ee 0800) Glitlorin (ON seve ee 0560 
SPOS 6 i AEB 3 Sr -0881 | Suifuric anhydrid (SOs)........ 0734 
Silicic acid ion (SiOz)........... .0752 Siler (Sina cee ee 0594 
Wiater. (HO) oie eres edie ote . 1098 

Carbonic anhydrid (COz) ...... 5384 

Oxygen equivalent ............ 0126 

Totalieieeat 2c: oer Cine 1.2392 


Grams Grains 
per liter per gallon, 
Sodrumuchioriqn(Na ©) seeeeeeee eee ee .0046 . 2687 
Sodium bicarbonate (NaHCOs)........... 1445 8.4402 
Potassium bicarbonate (KHCOs)......... .0292 1.7056 
Calcium bicarbonate (CaH2(COs)2)........ .4617 26.9679 
Magnesium bicarbonate (MgH2(COs)z)..... .1544 9.0185 
Iron bicarbonate (FeH2(COs)2)............ .2142 12.5114 
Alaminum\chlonidi(Al Cleese eee . 0666 3.8901 
Aluminum sulfate (Ale(SO4)3)...........-. .1046 6.1097 
Silica (SiOs)eehiee cant omc ae ee .0594 3.4695 
Totalssae Aare ene eer eee ene 1.2392 72.3816 
Temperature.......... 13.3° C. (56° F.) 


Analysis by E. B. Knerr. 


McDuff’s Spring, Atchison. 


There is a spring on the farm of Mr. Peter McDuff, four and 
a half miles northwest of Atchison. It is situated on the north 
side of a ravine, where the general trend of the land is toward 
the east. The water issues with a pretty strong flow and gives 
a slight deposit of iron oxid along the course of the stream. 


BAILEY. | 
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There is no odor of hydrogen sulfid, but a careful chemical 
test of the freshly-drawn water shows small quantities of this 


gas, 


In the vicinity are some very excellent and abundant 
springs of clear, cold, fresh water. 


The analysis is as follows: 


M’DUFF’S SPRING. 


Grams per liter. 


IONS. 
Sodiname (Nala qe cca wens .0202 
PAOCASSLUID SVEN ere remcaris Sore 0168 
@alonumm(Gales eerste: 0840 
NMaoresruml (Mie )i ee acse ane 0131 
Monn (Hees, vececskuere srs, s eens .0168 
VIM IN UMS (AN). canons ore 0064 
Ola Loy ain (GHD icy enas aes Ore aA 0240 
SUE ITE (5) Seance het 0109 
Sulfuric acid ion (SO4)......... 0181 
Silicic acid ion (SiOs).......... 0442 


Sodium chlorid (NaCl).......... 
Sodium bicarbonate (NaHCOs) 
Potassium bicarbonate (KHCOs) 
Calcium bicarbonate (CaHo(COs)2) .... 2.2... 
Magnesium bicarbonate (MgH2(COs))....... 


Tron bicarbonate (FeH2(COs3)2) 


Aluminum chlorid (AlCls)...... 
Aluminum sulfate (Alo(SOx4)s) ... 
Siar SOs) ase eee sees ues 
Hydrogen sulfid (HoS).......... 


MT otala wre. wcaccisis teaes 


Hydrogen-sulfid gas.... 
Specific gravity ........ 
Meniperature) ci, ois: 


RADICALS, 

Sodium oxid (Na2O)........... .0272 
Potassium oxid (K20).......... 0202 
@aloiumroxidl(Ca@) meres seee 1176 
Magnesium oxid (MgO)........ 0218 
lronroxtdi(H'6O) ieee eseteeer .0216 
Aluminum oxid (AlsO3z)........ 0120 
@hlorins (Clearances erie ae: .0240 
Sulfuric anhydrid (SOsz)....... 0151 
Hydrogen sulfid (H2S)......... 0116 
Silicay(S1Od) we sere ee ae .0350 
Wrater: (HoO)ie on creeor tee ceed .0615 
Carbonic anhydrid (COsz)...... .3018 
Oxygen equivalent ............ .0054 

Totals arracpectas etree aie vets .6640 


Grams Grains 
per liter per gallon. 
Fel ea eis .0200 1.1666 
Se a eee 0452 2.6365 
A Ae Oe .0430 2.5080 
3401 19.8400 
0796 4.6430 
Sea hy treatin .0533 3.1090 
Ae See .0148 .8633 
Se ecevoprerecnenrs .0214 1.2430 
Beene ee ta tees 0350 2.0415 
ener ees sie 0116 .6766 
deal hee Nosescsi la .6640 38.7275 
Abia OU GDC trace. 
E Giya stesuers ve 1.00085 


Analysis by E. B. Knerr. 
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Forest Lake, Bonner Springs. 


Between Bonner Springs and Edwardsville, on the Union 
Pacific railway, about two miles below the former station, a 
small stream runs into the Kaw riverfrom the north. Many 
years ago a dam was thrown across this stream, thus forming a 
pond about forty acres in extent, which now has the appearance 
of a natural lake, as the embankment is overgrown with grass 
and the banks are well wooded. This lake, known as “Forest 
Lake,”’ is the property of J. W. McDanield, of Bonner Springs. 
On the west side the hill is somewhat precipitous and rocky, 
and from its summit there is a very extensive view to the east 
and southwest along the valley of the Kaw. The lake is used 
for harvesting ice in the winter, and, as it is well stocked with 
fish, it has become a favorite camping and fishing resort. 


IMPROVEMENTS. 


Pavilions, a dancing platform, a commodious bath-house 
and landing-place have been erected in the grove on the west 
side of the lake. There are several wells or springs on the 
borders of the lake from which the water is drawn by means of 
ordinary suction-pumps. ‘The water is clear when first drawn, 
and has a strong taste of iron, and in some cases of hydrogen 
sulfid. After the water has stood for a short time, like most 
chalybeate waters, it loses its carbon-dioxid gas and becomes 
turbid. These waters in this respect do not differ from other 
iron springs of the Kansas river valley. 


FOREST LAKE WELL, 
Grams per liter. 
IONS. RADICALS. 


Sodinin: (Nae >. ances eee .0103 | Sodium oxid (Na2O)..... Benes .0139 
@aletum (Ca) see eee ee 2130, |=Caleium, oxid (Ca@). say. 5 2. .3836 
Magnesium (Mg)............... .0740 | Magnesium oxid (MgQ)........ 1232 
Trore( HG). eer eee ie te HOLS a \elronoxida(he@)\ =e ee ee .0241 
Chloniit(Cl\s aa nares LOLSOs eC hiorine(@ le ase eee eee .0159 
Sulfuric acid ion (SO4)......... .0600 ; Sulfuric anhydrid (SOs)........ .0500 
Silicic acid ion (SiOs).......... S2ODDE | SOilicall(Si@s)\ eases. ea. see see . 1656 
Carbonic anhydrid (COs) ...... .T761 
Water(s@O)\-4-.52 2 eee .1703 
Oxygen equivalent ............ .0043 
Organic: mattens.ceeacceee eee trace 
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Hypothetically combined as follows : 


Hodiumrchloriqi(¢NaGl)nnacsaseeese sate sc tc 
Calommysulfate (CaSOs)s ences «hose 
Calcium bicarbonate (CaHo(COs)s).......... 
Magnesium bicarbonate (MgHo(CQs)2)...... 
Iron bicarbonate (FeHe(COs)s).............. 


SLURS IS TRO iG Site ota te Earn Cnr bs oc ca AER eae 
Oresanigmalieneen en paca cece cana es 


Grams 
per liter. 


.0262 


Analysis by E. H. S, Bailey and D. F. McFarland. 
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Grains 
per gallon. 


1.528 
3.411 
58.808 
26.220 
3.505 
9.657 
trace 


103.129 


Forest Lake Iron Spring, Bonner Springs. 


A short distance west of the lake, just below the drive which 
runs to the lake, and near the dwelling occupied by the keeper, 
is another of the numerous iron springs of this vicinity. It is 
walled up and enclosed, and the water that escapes below is 
of the peculiar reddish color so commonly observed where iron 


and certain alge abound in the waters. 


The taste of the water 


is agreeable, with perhaps less iron and sulfur than that of the 


well previously noticed. 


FOREST LAKE IRON SPRING. 


Grams per liter. 


IONS, RADICALS. 

Sodiany (Na): Soe coe sae et .0010 | Sodium oxid (NasO)........... .0014 
Caloirmain(Way Fe sts oe iid > 218045 (Caleium:oxid (CaO)... 2526 
Magnesium (Mg).......... .... .0241 | Magnesium oxid (MgO)........ .0404 
Tron HG) ne ees a ete tate ees R025 3m elronToxica(hle@) meer ce eae .0364 
Chionamn(G))r esses soso OOLG wh Ciloring (Cl)necerc corse .0016 
Sulfuric acid ion (SOu)........ .0252 | Sulfuric anhydrid (SOs) ....... .0212 
Silicie acid ion (SiOs).......... KORY |) SSN (SOM Ses cscs oad oecede .0575 
Carbonic anhydrid (COz)...... .5073 

Wis teridEs@ \ieemee rye 1031 

Oxygen equivalent............ 0003 

Totalipeaeccoiincceen see 1.0212 
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Parkhurst’s Iron Spring, Independence. 
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Hypothetically combined as follows: 


Grams Grains 
» per liter. per gallon. 
SodiumichloriadlGNaCl) aes a. gos oe carl .0026 pisy} 
Calcium sulfate: (CaSO,4).......... 0.005 .0360 2.104 
Calcium bicarbonate (CaHe(COs)2)....... .6878 40.181 
Magnesium bicarbonate (MgH2(COs)2)...  — . 1478 8.501 
Iron bicarbonate (FeH2(COs)2).........-. .0900 5.263 
PTE Cag (IOs etterabaieh tecare <cclielsvece tie ae crossovers is .0575 3.369 
ANOUIRIES. Sic cho: oo Oe BROCE we ae 1.0212 59.570 
MSM PCravurrcoctecmosw tee Heaiges (Ca tGire 1.) 


Analysis by E, H. S, Bailey and D. F, McFarland. 


Bonner Springs. 
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Some of the springs in the park, referred to in chapter XIII, 
are chalybeate in character, as the following analyses show :” 


BONNER SPRING NO. 4. 


Grams 
IONS, per liter, 
@alcvumig(Ca) jee necenrciects. -o0 0 .0802 
Magnesium (Mg).............. .0096 
POM Hie ese reece crete: .0546 
Chiloridi(Gleeceoeer oce een trace 
Phosphoric acid ion (PO,)..... trace 
Hypothetically combined as follows: 
Grams 

per liter. 
Calciumyrchloridt(CaC lo eee access ctere trace 
Calcium bicarbonate (CaHo(COs)2) ......... .3243 
Magnesium bicarbonate (MgHo(COs)s) ..... .0584 
Iron bicarbonate (FeH2(COs)2) ...........-. .1735 
IB HoOsphori cea cil ete. oa assyeis es acarert Atornes oilers trace 
OVI AMIC HIM TLOE ipa midis ee tacevelotorencrces Goths Bers trace 
EPO Gals tose atoeneioe hase ae eee aaty ewe .5562 

Analysis by Wm. Jones, M. D. 

BONNER SPRING NO. 0. 
Grams 
IONS. per liter. 
@alemams (Ca) icmaces.. sansa .0936 
Maonesiumey(Mo)iin once see oes .0114 
rou HG))nerie tears ares eke) tea) 
@ilorinn (Cl) ery. eserves acs ore trace 
Sulfuric acid ion (SQ.z)......... 0042 
Phosphoric acid ion (PO,)...... trace 


Grains 
per gallon. 


trace 
18.942 
3.414 
10.135 
trace 
trace 


32.491 


77. Bull, U.S. Geol. Surv. No. 32. 
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Hypothetically combined as follows : 


Grams Grains 
per liter. per gallon. 
Calcinmichloricdn(Ca Cio) error eet. trace trace 
Calcium sulfaten CaSO .cce ie ne ee .0059 344 
Calcium bicarbonate (CaHo(COs)s).......... 3720 21.7380 
Magnesium bicarbonate (MgH2(COsz)s)....... 0696 4.065 
Iron bicarbonate (FeH2(COs)2).............. 1302 7.603 
Phosphoric acid (HePOs. ie vac ee ae ees trace trace 
Organictmattetaa ese ern oa ee eee trace trace 
Totalais - soe ee Panes eee eee sat AAC 33.742 
Analysis by Wm, Jones, M. D. 
BONNER SPRING NO. 6. 
Grams 
IONS. per liter 
Caleninm(@a) eee een erence .0578 
MagnesiumaCMic ii ae .6 ee .0254 
Troup (PhO \eaaaccnes ote .0478 
@hlorin# (Cl\aee see eer trace 
Sulfuric acid ion (SOx4)......... .0073 
Phosphoric acid ion (PQO,)...... trace 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon, 
Calcium chloridh(CaClin. ssa. ee trace trace 
Calcium suliateniCas@O2p es ee ae .0103 .605 
Calcium bicarbonate (CaHo(COs)2)...... .2214 12.929 
Magnesium bicarbonate (MgHo2(CQOs3)2).. . .1570 9.172 
Iron bicarbonate (FeH2(COs)s).......... -1519 8.870 
IPHOSsphoriczaciGdyeancaiatee tei eee trace trace 
Organicima thera eee ee eee smallamt. small amt. 
Potalsitaw eet aes ane on Ee .5406 31.576 


Analysis by Wm. Jones, M, D. 


Coyville Ferro-manganese Well. 


About five miles southwest of Coyville, Wilson county, on 
the farm of Jacob Killion, is a bored well. 
the owner was attracted to the character of the water because 
an ‘‘oil’’ rose on the top after it had stood for a short time. 
Upon examination in the laboratory, this phenomenon was 
found to be due to the presence in the water of iron, and also 
a larger quantity of manganese than is usually found in nat- 
ural waters. Coyville is on a branch of the Atchison, Topeka 


& Santa Fe railroad. 


The attention of 
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COYVILLE FERRO-MANGANESE WATER, WILSON COUNTY. 
Grams per liter. 

IONS, RADICALS, 
Sodiumy(Naleneacetoneeccs ee 0260 |- Sodium oxid (NaoO)............ .0342 
@alenmy(@a)? eer testeriotae sc LOLGSe | Calerumoxidi(Ca®) mses eee ie 0235 
Masnesiumi( Maye van. ccc on ox .0077 | Magnesium oxid (MgQ)......... .0128 
POTN CHG Seeree eerie eg ke ot tty hee ORE) tronioxidl(HeO\Weemcnissc ions .O151 
Manganesectin wae esnenc co «sre .0198 | Manganese oxid(MnO)......... 0254 
@hloniniG) age she ore. bake LOS00 se @hilorinn(C@iies. ascee een. .0390 
Silicic acid ion (SiOs)........... .0304 | Silicic anhydrid (SiO2) ......... .0240 

Carbonic anhydrid (COz)....... 1151 
Wistar (Eis@);irapem tie erk eractociine .0235 
Oxygen equivalent.............. .0088 
LOCA wre tlsh atogehe celal ss seks .3038 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Sodiumechlorrd (INA Neos we ase rear merece .0643 3.756 
Calcium bicarbonate (CaHo(COs)2)........... .0680 3.972 
Manganese bicarbonate (MgH2(CO3,2)........ .0468 2.734 
Tron bicarbonate (FeH2(COs)2)............... 0374 2.184 
Magnesium bicarbonate (MnHo2(COs)z)........ .0633 3.697 
SSURGAR SI OS) septa eee. cc.c alerts aie .0240 1.401 
totalsyamemere cok teri one eae cone nae .38038 17.744 


Partial analysis by E. H. S. Bailey and F. B. Porter. 


Parkhurst Spring, Independence. 


This spring is situated on the right bank of the Verdigris 
river, about a mile and a half northeast of the city of Inde- 
pendence. The river is beautifully shaded at this point, and 
a footpath leads from the spring to the bank of the river, per- 
haps fifty feet below. Ino this vicinity the Verdigris flows over 
rocks and shallows, and below the city (see cut) its course is 
turned due east by high, rocky banks. Just east of Independ- 
ence the water is so deep that it furnishes ample water for a 
small steamboat and other light craft. 


IMPROVEMENTS. 


In 1897 a road was constructed from the highway near the 
residence of Mr. Parkhurst, the owner of this spring, and a 
small pavilion was erected for the benefit of picnic parties. 
Beyond this no improvements have been made in the property. 
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Looking up the Verdigris, Independence. 


Louisville Springs. 
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The spring flows from beneath a sandstone rock, and the water 
deposits much iron after it comes in contact with the air. The 
flow of the spring in the dryest weather is about sixty gallons 
per hour. 

PARKHURST SPRING. 


Grams per liter. 


IONS. RADICALS, 
Sodiumi(Naliennceesar vac oe << JO720" sodium: oxid(NasO),.... . ce .0955 
Galoiuman(Ga) heeds ctu ne eee scToomCaleiimroxial(Ca@) ae naa. deme 10231 
Magnesium (Mg)............. .1668 | Magnesium oxid (MgO). ...... .2784 
Manganese (Mn)............. .0018 | Manganese oxid (MnOQ)........ .0021 
ATOnM HO eecee Maa aewe cee ets FOLOMS Pironyoxida(HE@)iprecsry acai BRIS 
Sulfuric acid ion (SO,)........ 19.9545 | Sulfuric anhydrid (SOs) ....... 1.6718 
Silicic acid ion (SiOs)......... | .0501 | Carbonic anhydrid (CO) ...... .1716 

Hydrogen sulfid (H2S)......... .0014 
Siltcax(SiOs) hawt oe soe .0393 
Totalina cote Pee 2.9157 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Sodium sulfate (NaeSQOy)............... ee 
Caleciumisulfaten(CaSO,s 2. fee. oe. ats 1.5148 88.479 
Magnesium sulfate (MgSOu)................ 8352 48.784 
Manganese bicarbonate (MnH2(COs)2)....... .0046 Sei 
Iron bicarbonate (FeH2(COs)2).............. .2952 17.244 
SST CASS OS) ere ors ett beet erapsse oY .0393 2.299 
C@arbonicmanhyoridi(CO2)\n.ec.. sca os ee .0063 .373 
Hy drovenusultidu(lbsS) i 22... cicerserae eyes .0014 .083 
Chlorin, potassium, and lithium............ traces traces 
Riot el separ etic ion scs leis = iets Seats 2.9157 170.307 


Analysis by Paul Schweitzer. 
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La Cygne Iron Spring. 


This spring is situated on the west bank of the Marais des 
Cygnes, near LaCygne, on the property of Mr. Cheagor. The 
spring is not large, although it seems to be a good chalybeate 
water. The total solids in the water are 31.326 grains, of which 
3.5 grains are ferrous carbonate. There is also a considerable 
quantity of calcium carbonate and magnesium carbonate, with 
a small quantity of calcium sulfate, sodium chlorid, and man- 
ganese carbonate. 


Clarus Spring, Batesville, Woodson County. 
-=°> > 


This spring is situated on the Fort Scott & Wichita railway, 
nine miles west of Yates Center. The water comes from be- 
neath a thick limestone ledge. From the situation of the 
spring, it is probable that there is no opportunity for the water 
to become in any way contaminated by organic matter. The 
water, as will be seen by the analysis, belongs to that class of 
pure waters which are recommended by physicians on account 
of the fact that they contain so small a quantity of mineral 
salts. For some time this water was kept on tap at one of the 
drug-stores in Topeka. 

| IMPROVEMENTS. 

This spring is walled up and cemented, and a small spring- 
house has been built over it. The flow is about forty gallons 
per hour. The analysis is given in chapter XVIII. 


Lawrence City Water, Douglas County. 


The water supplied to the city of Lawrence is practically a 
chalybeate water. It is obtained from a large well dug in the 
sand a short distance west of the river, and from points that 
have been driven into the soil in the vicinity. The water, after 
it is pumped, is aerated by flowing from the top of a pipe sey- 
eral feet into a reservoir, and it is then allowed to stand in set- 
tling basins for some time. This treatment, however, does not 
fully remove the iron, for, soon after the water is drawn from 
the service-pipes, it loses its carbon-dioxid gas, becomes par- 
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tially oxidized, and deposits a yellowish sediment of ferric hy- 
droxid. This water is of entirely different composition from 
the river water, as repeated analyses have shown. Waters of 
this character are common in the bottoms of the Kansas and 
Missouri river valleys, and also in various localities in the 
great Mississippi basin, as has been noticed by several chem- 
ists. The sample drawn from the service-pipes does not show 
the full amount of iron found in the well. 


LAWRENCE CITY WATER-SUPPLY, 
Water from tap at chemistry building December 20, 1901. 


Grams per liter. 


IONS, RADICALS. 
Dodium Nae was stee seas ‘0736 | Sodium oxid (NasO)..........: .0993 
WalormiiGa) ey srriceeeieen cece: mlohGn | Calciumroxid: (Ca®)\ econo: 1759 
Mapnestumil (Mah on scsecee e's .0259 | Magnesium oxid (MgO)...... an 0438 
Prani(Heeneemep acd cece SOOCS se Lronvoxice (He @)) =e snem ements .0126 
Ghiorms (CMM fst eo. FOS2Z0 mI @hilorini(Cl)\ ears meee .0920 
Sulfuric acid ion (SOx4)......... .1063 | Sulfuric anhydrid (SOs3)........ .0902 
Silicie acid ion (SiOs)...-...... .0555 | Silicie anhydrid (SiQg)......... .0446 
Carbonic anhydrid (COs)...... .8145 
WWator (UO eee ui oe 0641 
Oxygen equivalent ............ .0207 
Wotal sas so steaoavnatrerys 9158 
Hypothetically combined as follows : 
Grams Grains 
per liter. per gallon, 

PodrumychioniGn(Na@ Ia... s50 cette se a. .1518 8.861 

Sodium sulfate (NasSO4))......... .2c3s.05 ome .0428 2.501 

Calecnmimreulfaten(CaSOp aes sere cous ieee p23 6.551 

Calcium bicarbonate (CaH2(COs)2)........... .38750 21.902 

Magnesium bicarbonate (MgH2(COs3)2)........ . 1582 9.241 

Iron bicarbonate (FeH2(COs)2)............... .0311 *1.830 

SSHICHE OL Os hme mace at. Ste ee snes tease tee 0446 2.605 

ED cy bar Seer nro ataget are etc caer eae etevane . 9158 53.491 


Analysis by E. Bartow and J. S. Worley. 


* Analyses of water from the reservoir direct have shown considerably over two grains. 
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Bathing in Rock Creek, Louisville Springs. 
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Louisville Springs. 


In Pottawatomie county, three miles north of Wamego, are 
situated the Louisville mineral springs. These are not far from 
Rock creek, a picturesque stream whose banks are well wooded. 
Wamego is on the main line of the Union Pacific railroad. 


IMPROVEMENTS. 


A park, which is the property of R. M. Chilcott, is connected 
with the village by a suspension foot bridge over Rock creek. 
Just below this bridge a dam has been thrown across the stream, 
and the swift water below the dam, at a ford on the old Pike’s 
Peak trail, has washed away the soil and left bare the level 
limestone rock over a large area. This same stratum of rock 
that is here exposed extends northwest under the park and 
springs. On account of the level, smooth bottom in the pool 
below the dam, this pool is a favorite bathing place, especially 
when the water in the stream is high. Above the dam the 
slack water, which extends up about five miles, affords excellent 
boating and fishing facilities. 

By sinking over the spring a tile twenty-four inches in di- 
ameter down to bed-rock, the spring-water has been made more 
accessible, and can be raised to a platform above by an ordinary 
pump. Although the water when first drawn is perfectly clear 
and transparent, in a short time it becomes yellow in color and 
very turbid. Boiling the water also causes a heavy deposit. 
The taste of the water is somewhat astringent, and occasionally 
it has a slight odor of hydrogen sulfid when it is freshly drawn. 
The water when evaporated has a somewhat alkaline reaction. 

The analysis shows that the water is chalybeate, and also be- 
longs to the class known as alkaline waters. From a medici- 
nal point of view, its most important ingredients are magnesium 
bicarbonate, iron bicarbonate, and sodium sulfate. This water 
has the advantage of containing sodium salts not mixed with 
a large excess of salt, as is the case with many magnesium 
waters. On account of the presence of iron bicarbonate in 
the water, it is not adapted to shipping without being first 
carbonated. There are other chalybeate springs in this park 
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the waters of which have not been analyzed. 


A few rods below 


the ford, on the right bank of the stream, there is a spring of 
extremely pure water flowing from beneath the limestone rock. 
Like some other pure waters that have been found in this state, 
it would probably be valuable in the treatment of diseases where 


an abundance of soft water is required. 


LOUISVILLE SPRING.” 


Grams per liter. 


IONS, RADICALS. 

Potassium (1S)sen ancrmeeen anes .0043 | Sodium oxid (NaeO)............ 
Sodiumi(Na\ eae 2 eee .0597 | Potassium oxid (K20).......... 
Caleiumi(Ca)-eeese er eeeceoee :2709" | Caletumoxid (C4a0)..7- 54 - eee 
Magnesium) (Mg) >). 22. 2aneee- .0558 | Magnesium oxid (MgO)........ 
Froni(Re) stress en eee :0198 ) Lronvoxid\(He@)\-2- = eee eee 
Chiorins(C))\ teen ee ae 203854 (Chlorin (Cl) eee eee 
Sulfuric acid ion (SO,)........-. .1544 | Sulfuric anhydrid (SOsz)........ 
Nitric acid ion (NOs)...... ..... trace | Nitric anhydrid (N2Os5)......... 
Silicic acid ion (SiOs)........... 05873" Silica(SiOs\sre = asec eee 
Wiater(HeO) pec sce reer 

Carbonic anhydrid (COz)....... 

Oxygen equivalent............. 

Total e ere cee coe eee 


Hypothetically combined as follows: 


Sodiumyehlorids(Na Cl) eee eee 
Sodium nitrate (NaNOs).....:..........2-. 
Sodium carbonate (NaHCOs).............. 
Sodiumisulfate (Na, SOr--eee ee eee ee 
Potassium sulfate (K,SO4)................ 
Calciumieuliater(CaSO))s- eae eee 
Calcium bicarbonate (CaHo(COs)s)......... 
Magnesium bicarbonate (MgH2(COs)z)...... 
Iron bicarbonate (FeH2(COs)2)............. 
Silica (SiOs) 4 veer re eee 


Totals Jana crcken to wen ae epeere ee ange Ae 
Temperature’ac. acter eee 


Analysis by E. H.S. Bailey. 


Grams Grains 
per liter. per gallon. 
.0636 3.7148 
trace trace 
.0193 iba 8: 
.0996 5.8176 
.0096 -5607 
. 1324 7.7334 
.9465 5d. 2855 
.3393 19.8185 
.0632 3.6915 
.0464 2.7102 


1.7199 100.4593 
13.3°C. (56° F.) 


78. Kans. Uniy. Quart., vol. VI, pp. 117-119. 


University Geological Survey of Kansas, VouuME VII. PLATE XXXIV. 


| TORE MINERAL WELLS 3] 
Pwen|-22 Zee 


Topeka Mineral Wells. 
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Mahaska Well, Washington County. 


This well is on the property of J. L. Summers, on the bank of 
a ravine, bordering the high prairie. The well is twenty feet 
deep, and is dug down to the solid rock. When this rock was 
reached it was drilled through with a hand drill, and the well 
filled rapidly to the depth of twelve feet. 

This is a sulfate water containing small quantities of carbon- 
ates of lime and magnesia. It is slightly astringent in taste, on 
account of the iron that is present. One liter, on evaporation, 
leaves 159.27 grains of mineral matter, so the water contains a 
considerable quantity of sulfates. When first drawn the water 
is clear, but soon becomes yellow and turbid from the precipita- 
tion of iron. On this account the use of the water for house- 
hold purposes has been abandoned, although it is still used for 
watering stock. 


Muscotah Artesian Wells, Atchison County.” 


BY E. B, KNERR. 


‘‘Along the base of the east bluff of the Grasshopper valley, 
about one and a half miles south of Muscotah, on the Central 
Branch Missouri Pacific railroad, there is a series of inter- 
esting low, marshy mounds. The mounded area on the farm 
of Mr. H. M. Rice is about one hundred rods long by fif- 
teen rods wide, and the mounds are from five to eight feet high. 
About a quarter of a mile further south, on S. H. Hubbard’s 
farm, is another mound, about fifteen yards wide, sixty yards 
long, and eight or ten feet high. Two miles further south, on 
James Miller’s place, there are similar mounds. A swamp is 
usually low ground, but here the swampy ground is the highest. 

‘‘ Karly in September, 1900, Mr. Rice concluded that if he were 
to sink a pipe near one of these mounds, he would get an arte- 
sian flow of water. He bored a test hole with a two-inch auger, 
and at a depth of thirty-four feet struck a flow of water so strong 
as to force up pebbles the size of a hickory-nut. A two-inch 
pipe was forced into the hole, and the water rose to overflow 


79. Trans. Kans. Acad. Sci., vol. XVII, pp. 53, 54. 
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this when it stood fifteen feet above ground. The flow from 
this two-inch pipe is fifty gallons every fifty-five seconds. The 
water is as clear as crystal, very palatable, and cold. The water 
deposits a slight iron coating over the barrel into which it flows. 
Calcareous deposits are also found in places about the mound, 
indicating mineral properties for the water. 

‘‘The formation of mounds is explained by the water pressure 
carrying up sand and soil and depositing it at the surface. The 
mounds are covered by bulrushes, cat-tails and other usual 
swamp growth, which holds the soil, preventing its being 
washed down. The water springs from over the whole surface 
of the mound, and runs away in small streams. Thus the pe- 
culiar circumstance arises that the swamp is high ground and 
the firm soil is lower.’’ 


ARTESIAN WELL, MUSCOTAH. 


Grams per liter. 


IONS, RADICALS. 
Soaitume(Na eo eee eee cs .0181 | Sodium oxid (NazO)........... .0244 
PQLASS MOAI (EC) seen wan rake .0203 | Potassium oxid (K20)......... .0245 
Walehumn(Ca)a es hoe ens 2: WGOW tCalciumiroxidy(CaO)\e.. ae . 1625 
Macnesram (My)2s22 see. «38 .0214 | Magnesium oxid (MgO)........ .0356 
Prone) ors de cute ieee {03600 elronioxiGk (He ©) Reese er eee .0454 
Chiorinn(Cliencsstce mens oosKe SONG: | (Clivtorstn (CM, soo ocacnss sake oo .0176 
Sulfuric acid ion (SO4)......... .0660 | Sulfuric anhydrid (SO3)....... .0550 
Silicie acid ion (SiOs)..... .... .0305 | Silicic anhydrid (SiOz) ........ .0280 
: Carbonic anhydrid (COs:)...... 3644 
Waters @icO) ee nercnp-saerat vec .0746 
Oxygen equivalent............ .0040 
ER Ota oheccroetae ace: ieee ce 8280 
Hypothetically combined as follows: 
Grams Grains 

per liter. per gallon, 

Sodium chiorid«(NaG@l\ oe. ae. aed ae .0290 1.6907 

Sodium sulfate (Na2SQu4)............5.-. .0206 1.2010 

Rotassium sulfate (KeSO4)\ sa... =) - .0453 2.6410 

Calcium bicarbonate (CaH2(COs)2)....... .4702 27.4126 

Magnesium sulfate (MgSOy)............. .0339 1.9764 

Magnesium bicarbonate (MgH2(COs).)... 0887 5.1712 

Tron bicarbonate (FeH2(COs)2)........... 1123 6.5471 

Silicas (SiOx) ker crs var otsis sce oie Fe ere 0280 1.6324 

CNG Gal Straten oreralanrats sickeker ots Gia chee inelers .8280 48 .2724 

Mem pPeratUrelsacs- epee TEES? (OR ae 155) 


Analysis by E. B. Knerr. 
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Topeka Mineral Well. 


This well, which is in the rear of 316 Harrison street, was 
bored through thirty feet of soil and twenty-five feet of rock. 
The well above the rock is three feet in diameter and the pump 
is cemented to the opening in the rock. 

IMPROVEMENTS. 


Improvements are a commodious bath hotel with a pumping 
plant, tanks, arrangements for heating the water, cooling rooms, 
etc. Special attention has been paid to giving steam and 
Russian baths. The water is all used commercially. 


TOPEKA MINERAL WELL. 


Grams 
IONS. per liter. 
SogdiwmylINa)s- eee eee .2803 
ATMIOUDUMIN ree oe oe ae ees eee .0070 
@alciumy(Ca)rares eee eee ee .0953 
Magnesium (Mg) eric saci . 1003 
Dron(He)pee once cece eon eee .1514 
AMioheauialeheey (Hs) oks sce acusn sess. .0036 
@hlorin\(C))sscee cprcctla ones -d132 
Sulfuric acid ion (SO4).......... .4385 
Silicic acid ion (SiOz) ........:.. .2230 
Phosphoric acid ion (POs)... ..... trace 
Nitric acid ion (NOs)............ .0244 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Soarumesulfater(NassO1)eeeoe see eee .3296 19.25 
Sodium nitrate (NaNOs) ................- .0332 1.94 
Sodium bicarbonate (NaHCOs)........... .6109 35.68 
Ammonium sulfate (NH4)sSOu)............ .0256 1.50 
Calcium bicarbonate (CaHo(COs)2)........ .3853 22.51 
Magnesium chlorid (MgClo).............. .2016 11.78 
Magnesium sulfate (MgSOy).............. .2465 14.40 
. Iron bicarbonate (FeH2(COs)s) ............ .4811 28.10 
JM hurrv CWO oon sono wacononmeood hodooe .0068 40 
Silicak(SiOs) cis concede See ee .1765 10.30 
Organicumatterwves- toc ee .0302 1.76 
phosphoric acicu(Hse.O2) em satan trace trace 
Totalairtet secure. contort eer 2.5273 147.62 
Temperature.......... L53@ 2 (592k) 


Analysis by Barnes and Sim. 


80. Mineral Waters of the United States, Crook, pp. 246, 247. 
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Capital Mineral Well, Topeka. 


This well is situated at 1018 Kansas avenue, in the thickly 
populated portion of the city. The well is seventy feet back 
from the street, on high land. It is 122 feet deep, the first 
twenty feet being bored through compact earth and clay, and 
the remaining 102 feet through rock and seams of earth. 
The water is supposed to come from a point 100 feet below the 
surface. It is sold to customers in the city of Topeka. The 
proprietor of the well is John W. Newbury. 


CAPITAL WELL. 


Grams per liter. 


IONS. RADICALS. 

Bodinme (Nass. octa ne ae cose .3608 | Sodium oxid (Na2O).......... .4858 
Walerumiy(@a)e se eee .1832 | Calcium oxid (CaO).......... 2559 
Maonestums (Me) occas en .0713 | Magnesium oxid (MgO)....... .1183 
Tron He) Messe sole ee eee: LOSOD we LronLOxics (HOO) iaeerecr setae 1113 
LOIN Gyae Ty OMe Bene ae leet OPANOY Il (Ola Koran COM cin oe bbe Gabe Oar .3200 
Sulfuric acid ion (SQOu4)......... .2224 | Sulfuric anhydrid (SOs) ...... .1710 
Silicie acid ion (SiQs)..-....... SBS MST SHON). Sodoeas coum odes ce 2400 
Organicnnatterince me oe trace 

Carbonic anhydrid (CQOz) ..... .8810 

Wiaters(E2O) eran caso. eneat . 1640 

Oxygen equivalent........... .0755 

i oli ee es cetera or 2.6718 


Hypothetically combined as follows: 


Grams Grains 
per liter. per gallon, 
DOGMIMNCHIOMG WIN GI\h 5-4 eeesia te eee .4997 29.1874 
Sodium sulfate (NaeSO4)............... . 3920 22.8967 
Calcium bicarbonate (CaH2(COs),).....  .7400 43 2234 
Magnesium bicarbonate (MgH,(COs).).. — . 4820 25.2331 
Tron bicarbonate (FeH2(COs)s).......... Aral 16.0744 
SULOAHS1 Os) pease cr enclose on items it ee .2400 14.0184 
Carponicankydrid (CO s)sas.a- oso. soe .0930 5.4321 
Oroanicsmatherescc. eo ae aoe ee trace trace 
WON aS Oe Ratna ee pewab Gosek: 2.6718 156.0655 


Analysis by J. T. Lovewell. 
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Wetmore, Nemaha County. 


The Wetmore mineral springs, which have been known for 
over thirty years, are situated inside the city limits of Wetmore, 
not more than a quarter of a mile from the center of the town. 
There is one large spring here and several small ones. A 
building is being erected here for the bottling works and bath- 
house by the Wetmore Springs Mineral Water Company, under 
the direction of Chas. S. Lochnane. There are good hotels in 
the town, as well as private boarding-houses. The analysis of 
the water was made several years ago. Wetmore is on the 
line of the Central Branch Missouri Pacific railroad, forty- 
three miles west of Atchison. 


WETMORE MINERAL SPRINGS, SPRING NO. ip 


Grams 

IONS. per liter. 

Sadimu(Nia) een eee cen ere .0241 

(POtASSLU ig (EG) meine rae ere .0582 

Calehumy(@a)mveens eee se .0888 

Magnesium (Mic) sae er eer OCUd 

dro yele dah 2) Birvet cn GC pati PSA echt arc .0214 

Chloring(@]) ieee exes coma .0323 

Sulfuric acid ion (SQO4).......... .2201 

Silicic acid ion (SiOz) ..... eros .0289 

Phosphoric acid ion (PO,)....... .0033 

Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 
Los horn Omer sel (MEVOM), occa cunacacé sackonss OES 2.600 
Sodium bicarbonate (NaHCOs).............. . 0201 ae WP 
iRotasstmmychloricly (iC) meen seen eee z OAR 647 
Calciumisulfate(CaS©. ee eee 1272 7.440 
Calcium phosphate (Ca3(PO.)o).............. .0070 .409 
Calcium bicarbonate (CaH»o(COs)s)........... . 1978 11 °534 
Magnesium sulfate (MgSQ,)................. .1614 9.433 
Magnesium bicarbonate (MgH2(COs)s) ....... . 2942 17.197 
Tron bicarbonate (FeH2(COs)s)............-.. .0682 3.986 
Silicas( Si eee ea ye are aie te ee .0228 1.330 
Organicamatter ieee. et eee .0281 1.640 
Totals se ate Merce: ede ee eee . 9824 57.388 
SYTAXOUNO GANA, oo oo cdac cook esac 1.0068 
Remipera tur enencs eee eee ae LOS CS (S02 B) 


Analysis by Juan H, Wright, M. D. 
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COMPARISON OF SIMILAR WATERS. 


Grains per gallon, 


Excelsior Springs, Mo., Regent Spring. 


Analysis by Woodward and Robertson, 


pocdmameChlonidian se cceietee acs 2.230 | Ferrous bicarbonate........... 3.438 
Potassium: Chloridsce.c. ccs «. <: .670 | Manganese bicarbonate........ .982 
Calcium bicarbonate.......... ZOCSO Ul PeAuUuMinaee wanes SAN Note etnies 297 
Magnesium chlorid............ PA QOPI INCA Me reas caw seettae esas nine nat: 1.116 
Magnesium bicarbonate....... Si lOde Oxy PON crnqry geyariicterss recta .1998 
Magnesium sulfate............ 350 Toki eek ety 42.124 


Monroe County, Wisconsin, Spata Artesian Well. 


Analysis by J. M. Hirsch. 


OCR CHIOrIGs a: ccs cae ents es .112 {| Calcium carbonate............ .232 
Mocmmypulfa tsa: oo gies eee ce. 1.840 | Magnesium carbonate......... 1,992 
Sodium carbonate.............. .120 | Strontium carbonate.......... .008 
Sodium phosphate............. .056 | Ferrous carbonate............. 8.664 
PObaASslUM SUILATCS ocnmmen co =e .528 | Aluminum phosphate......... .048 
Dithramycarhonate:. 205... 6 a: LOLG S| RStliCat eee ae eek reer 232 
@alctumichlorid. coc... c 504 MOtal eee oe he eee 14.496 
Calormmysuliate.-..-5 4s. ese ee .144 


Rock Enon Springs, Frederick County, Virginia, Copper Spring. 


Analysis by Gale and Mew. 


Sodium carbonate.............. 1.21) | Perrous'carbonaté...........-.. 14.25 
@alemm state ccc. aes < e1aee 3.56 | Manganese carbonate .......... 1.05 
Caletum carbonate...:......... Felon AIUMIN acct tence roots .80 
Magnesium chlorid............. OME S Gaye acces yee osteitis 42 
Magnesium sulfate............. 12.89 Total cosanlivess. eee ae 40.43 


Schwalbach, Germany, Stahlbrunnen. 


Analysis by Fresenius. 


Sodium/sullates. s.-4reee ssc .461 | Magnesium bicarbonate....... 14.138 
Sodium bicarbonate........... 1.347 | Manganese bicarbonate........ 1.196 
Potassium sulfate............. .216 | Ferrous bicarbonate........... 5.445 
Potassium chiorid\. ...-.- o..< SOLE MM SLITC Bier Hetematealtre cretexaree sine ee) che) 1.869 


Calcium bicarbonate.......... 14.542 Total 39.605 
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Marienbad, Germany, Ambrosius brunn. 


Analysis by Gintl. 


Sodiuin Chlorides. ese .806 | Magnesium chlorid........... 1.466 
SOdMuni Sulfates. sete er 18.189 | Magnesium bicarbonate...... 16.863 
Sodium bicarbonate........... 4°894| Trou bicarbonate.cs--> 2. 9130 
Sodiummnttrate:pen-aa. oe eee .041 | Manganese bicarbonate....... .146 
Potassium: suliateasss2e sere 2.021 | Aluminous phosphate........ .809 
Lithium carbonate............ ROAD NOS UICS aikecc cists anaes setae torre 2.909 
Calciunimpulfate aac see tere tons 2.615. | Carbon Gioxid (free) = - 2... -a.- 134.010 
Calcium bicarbonate.......... 17k i patna) ee eee oe 211.571 


There are some waters that contain larger amounts of iron 
than those just mentioned, but, on account of the presence in 
these waters of much sulfuric acid, the iron is usually consid- 
ered to be combined as iron sulfate. Aluminum sulfate is very 
often present in large quantities in these waters, as they may be 
formed by the decomposition and oxidation of shale containing 
pyrite. The latter on being oxidized furnishes both the iron 
and the sulfate ion. The excess of the sulfate dissolves the 
alumina in the shale. The following may be considered as 
typical waters of this class, and are classified as chalybeate by 
many authors: 


Bath Alum Springs, Virginia, No. 2. 
Analysis by W. H. Taylor. 


Sodium chloridaers sae .11 | Manganese sulfate ............. .03 
Sodiumisulfate..- rma eeee o 13) | Aluminumisulfates.. +. aeses sees 29.99 
Potassium sulfate.............. O45 SOLEUTICFACIG eeces eee eee 2.88 
Calctimisullates--e- eee eee DO aes ict: a eG rd Ss 1.95 
Magnesium sulfate............. .46 Totalviccen a. ee ee one 65.38 
Tron persulfates.- cee asco aes 26.78 


Brighton, England. 
Analysis by Marcet. 


Sodiumichiorid -e-- seen 2 eae (PM Siliganne: 3h) atten elas eee apa, 
Calcitim'sulfatey...s. eee 2) theiphl SUIOBS tee eases ys ola, ea eee aay 
Magnesium chlorid............. 6.00 Total 5:36) eee 68.00 
Rerrous: sulfate, <3 -e eee et 14.40 


BaILey. | Mineral Waters. 303 


A Comparison of Some of the Waters of the Iron Group. 


These waters are mainly carbonates, containing larger quan- 
tities of iron than usual. The other substances of importance 
are calcium and magnesium bicarbonates. The amount of iron 
bicarbonate in the different waters discussed is as follows: 


Grains per gallon. 


Lawrence city supply........... IS S8O0s ie niscotablncssne ne - Rete faa 6.547 
Coxmillernsrones ae net sts soe setes Bel Sd eA STONUNO gamers es ce see e 7.044 
Coyville, MnHo(COs)o........... SeOO ie eS ONNOLy NOt Osteo cere eer Pauer ee 7.603 
SEEINSLOMIIN Owe c Hecate. elim) Sales ers SLOSd wie-Bonn er INO Ou, ne ont cateeie ee 8.870 
IMCD SE SPRING. © <1. ctn 4 ames aun SuLOOR Bonner" Nomescnae ce seemaerer te 10.135 
Horest lake welll cinucos cesiccees 3.505 | Atchison electric light......... 12.511 
TPOVING MUMS Sicha poate tena eee oe SOO MAO a pitalivnteses-s cic cic euereesasietaw 16.074 
NWORMMORGL eas acer olut oka wes Davison (etva Wath yh Ss opaigsae ay ome doce 17.244 
PUOLOS UG ea KOS PEIN Oo coset ann eee 5.263 | Parkhurst, MnH,(COs),....... 271 
Arrington No. 1..... Ween Goh ete 5.484 
Regent, Excelsior Springs, Mo.. 3.483 | Sparta, Wis................... 8.644 
Regent, Excelsior Springs, Mo., Marienbad, Germany.......... 9.734 
a Soa eee eee Fpieaads anes « See Marienbad, MnH,(COs), ...... .146 
peels piney Gertiany ah ath : FRocksHmons uViaurtasite cee rae 14.250 
MIRE St Os) 94 mre cre ec aes 1.196 
Bath Alum, Va., (iron persul- Brighton, England (ferrous sul- 
TESST PR Bee carat tee Ate, eae 26.78 TALC) eer ee re lee arco as oe 26.78 


CHAPTER XVII. 


Special Group. 
There has been, and in fact still is, considerable discussion 


as to the action on the system of those substances present in 
small quantity in waters. If we hold to the theory that the 
therapeutic action comes mostly from the ions, then the effect 
may not be as insignificant as would at first appear. (See 
chapter V.) 

It is no doubt true that this special group might be greatly 
enlarged if a more complete analysis had been made of some of 
the waters of the state. One has but to study the very com- 
plete analyses of the waters of the Yellowstone Park,*' in which 
in some cases the search for rare elements was extended to 
include lithium, boric acid, barium, strontium, ammonium, 
cesium, rubidium, and manganese, to see what a more com- 
plete analysis will reveal. It would be surprising if further 
investigation did not show an equally large variety of elements 
in the Kansas waters. 

The special substances considered in this group are lithium, 
barium, strontium, bromin, iodin, flourin, boric acid, and ar- 
senic, and their therapeutic qualities have been previously con- 
sidered. (See chapter III.) 

This group is represented by the following waters : 

Baxter Springs, Cherokee county, No. 1. 

Baxter Springs, Cherokee county, No. 5. 

Fort Scott, Bourbon county, artesian well. 

Rosedale, Johnson county, geyser well. 

Independence, Montgomery county, brom-magnesian well. 

Jewell county, lithia spring. 

Providence, Butler county. 


81. Bull. U.S. Geol. Surv, No. 47, Gooch and Whitfield. 
(304) 
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Baxter Springs, No. 1, ‘‘Iron Spring.’’ 
For description, see chapter XITI. 
Grams per liter, 
IONS, RADICALS, 
Rodan (NA) oes ere ce wee ae oe 4's .0117 | Sodium oxid (Na2O)............ .0158 
IBOtASSHUIN (KL) ences crreceacta ci cree .0045 | Potassium oxid (K2O0)........... .0055 
GAIN (WT) Meieate tit Ste eae hace .0004 | Lithium oxid (LigO)............ .0009 
Waloiumi(Ga)scccse odes cee cnc oes 1353} Calcium oxid (CaO) .:........2. .1894 
Waonesium:(Ma)\cae ecu eee .0670 | Magnesium oxid (MgO)......... .1116 
Tera (AR a A ie ROOSOn Im LEOnVO RIG (H6@)ieemaaacier seeks .0045 
Ghiorint(@l) seek Mentone kooks ROU x @ lorin: (Cl) eevee sarees ere .0141 
Sulfuric acid ion (SOu).......... .1711 | Sulfuric anhydrid (SO3) ........ . 1426 
Silicic acid ion (SiOs)........... ROLE OS Ssilican(SiOd merece. acleeterere cree .0118 
Wateri(HsO) sists t ae teres 0825 
Carbonic anhydrid (COz)........ 4045 
Oxygen equivalent ............. 0032 
Lotalacscntates yess sete . 9800 
Hypothetically combined as follows: 
Grams Grains 

per liter, per gallon, 

podium chiorias(NaGl) iran dec se oes .0164 .9579 

Sodium sulfate (NagSO,).................--. .0161 .9404 

Potassium, chloridi (KCl) css soe cc oes cise .0087 .5082 

Lithium bicarbonate (LiHCOs)............. 0041 . 2395 

Calcium bicarbonate (CaHo(COs)s).......... .5480 32.0086 

Magnesium sulfate (MgSOu)............0... .2001 11.6878 

Magnesium bicarbonate (MgH2(COs)2) ...... .1637 9.5617 

Tron bicarbonate (FeH3(COs)2).............-. .O111 .6485 

MEAN SIO)2) sree s win, ss sicelsaias Sate Pole atin eaieieee .0118 . 6892 

Potala pryraceservarcrterne syed se eel ee merolet . 9800 57.2418 


Analysis by E. B, Knerr, 
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Baxter Springs No. 5, Newhouse Spring. 


For description, see chapter XIII. 


Grams per liter. 


IONS. 
Sodium (Na) eaceneee cee eee .0171 
Rotassi ume (Hs) sean ere .0165 
Lois MoT OB) oe sons oomte, wore .0002 
Waleiumy(Ca)ereeeee eee .0895 
Maonesiumy (Mic sense e .0101 
Tron (HG) is veces tine eee .0022 
Nitrous acid ion (NOz)......... .0001 
Nitric acid ion (NO3)........... 0124 
Sulfuric acid ion (SO4)......... .0621 
Silicic acid ion (SiOs).......... .0150 


RADICALS. 
Sodium oxid (NagO)........... 
Potassium oxid (K2O).......... 
Lithium oxid (icO) j2o27 eo 
Calcium oxid (CaO): 0.25... - 
Magnesium oxid (MgO)........ 
Tron:oxick (BEO)\2 3 a eee eases 
@hiorin(@ipa oe sans tees eee 
Nitrous anhydrid (N2Osz)....... 
Nitric anhydrid (N2O5)......... 
Sulfuric anhydrid (SOs) ....... 
Silicat(SiOs)ee a7, see eee 
Water? (HeO on ameasece esis 
Carbonic anhydrid (COsz)....... 
Oxygen equivalent............. 


Hypothetically combined as follows: 


Grams Grains 
’ per liter. per gallon. 

Sodiumechloridk(NaG])\ ie setae ee eee .0436 2.5467 
Potassiumychloridi(Ii@)) aw eer ee eee .0166 . 9696 
iPotassiumunttrite (IN O).)\ senescent 0001 .0058 
Potassium nitrate (KNOs)...............000. .0202 1.1799 
Lithium bicarbonate (LiHCOs).............. .0019 .1110 
Calcium)sulfate (Cas@)s.-.-5 62 eee eee .0307 1.7932 
Calcium bicarbonate (CaH,(COs),) .......... . 3256 19.0183 
Magnesium sulfate (MgSOy)................. .0505 2.9497 
Iron bicarbonate (FeH,(COs),).............-. .0071 4147 
Silica (Sis) srasuge cee ee eaten see ee .0150 .8761 
"LOGBISS aa fies oni setts Sota te eee -5113 29.8650 


Analysis by E, B. Knerr. 
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Lithium Spring, Omio, Jewell County.’ 
Grams per liter, es 
IONS. RADICALS. 
MoctupauGNa eects eae eee 1861 | Sodium oxid (NasO)........... . 2509 
Potassiuin (Wsesc ores onsen. .2826 | Potassium oxid (K20).......... 38406 
Targhyuin (Ew acseeeae, «oats .0053 |; Lithium oxid (LigO)........... .0115 
@aleiumey(Gaeccman oagces.ce. cts 4753 | Calcium oxid (CaO)........... 6654 
Magnesium (Mg).............. 7135 | Magnesium oxid (MgO)........ 1.1892 
AOAC Ee re seges otter ies cistins oaxs aechs-3 Grae 1) elroneOxid (HOO) nae wee gay i trace 
PAU UDI UI) VAN yes terse ec crore one .1029 | Aluminum oxid (Al2O3)........ 1940 
@inlonine (Gl yer wear ccc te cee PAO le @hlorin(Cl\y ene tie oases cs .1491 
Sulfuric acid ion (SQ,)......... 5.0640 | Sulfuric anhydrid (SOs)........ 4.2200 
Boric acid ion (BsO7)........... .0065 | Borie anhydrid (ByOo(......... .0039 
Silicic acid ion (SiOs).......... .1090 | Silicic anhydrid (SiOs)......... .0862 


Analysis by G. H. Failyer and J. T. Willard, 


Providence Mineral Well. 


This well is situated at Providence, Richland township, in 
the southwest corner of Butler county. It is nine miles east of 
Mulvyane, on the Santa Fe railroad, and six miles southwest of 
Douglass, on a branch of the same line. In 1873 C. F. Dunnell 
bored for water on the divide between Walnut and Maple 
creeks, and, striking rock at a depth of ten feet, he blasted it for 
thirty feet and then bored with a six-inch drill, when, at the 
depth of 144 feet, the drill dropped into a white sand and water 
rose in the well to a depth of eighty-four feet. 

This water was found to contain considerable mineral matter, 
so the well was abandoned; but later the water was tried for 
medicinal purposes by the farmers in the vicinity, with such 
satisfactory results that the owner erected a windmill for pump- 
ing the water and began selling it to his customers. There is 
an abundance of free carbon-dioxid gas in the water, which 
makes it quite satisfactory as a beverage. This might also be 
classified as a chlor-sulfate water. 

IMPROVEMENTS. 


On this property, which is owned by Mrs. Laura I’. Wright 
(Douglass P.O.), is a hotel with ten rooms for lodging, and 
dining-room, with spacious verandas. Two dwellings and a 


82, Trans, Kans. Acad. Sci., vol. X, p, 63, 
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bath-house with four baths have been erected. At one time 
the water was kept on draft in Wichita, both in the natural 
condition and carbonated, but recently no attempt has been 


made to utilize the water. 


PROVIDENCE MINERAL WELL, 


Grams per liter. 


IONS. 
Sodium (Na) seaeete steer ees .4300 
Potassium (Ky ace eel .0367 
Tit hm ) eee eee eee .0299 
Barium (Ba) ia. sae tease ee trace 
Sao GAIN (Sid vomavan oa pmccsauk trace 
Calcium) (Ca)i-csac-e aes pes coe .6195 
Magnesium (Mg).............. 1534 
Proni(Pe)s Asie ease eae seen re .0027 
Aluminum (Al) yen aac or trace 
@hlorins( Cleese eee .5263 
Sulfuric acid ion (SOs)......... 2.0354 
Phosphoric acid ion (POs)...... trace 
Carbonic acid ion (COs)........ .6300 
Silicic acid ion (SiOz).......... .0511 
Organic MAatterssc. eee trace 


RADICALS. 
Sodium oxid (Na2O)........... 0690 
Potassium oxid (K2O).......... .0442 
bathinim-oxid (bicO) eee .0069 
Barium oxid\(BaO)--- trace 
Strontium oxid (SrO).......... trace 
Calcium oxid (CaO).< ..2..:...- . 8696 
Magnesium oxid (MgO)........ . 2555 
bron oxids(HeO) >.> a2. 4 ere .0035 
Aluminum oxid (AleOz)........ trace 
Chiorin(Cijse ee eee ceerer 5263 
Sulfuric anhydrid (SOsz)........ 1.6937 
Phosphoric anhydrid (POs)..... trace 
Carbonic anhydrid (COz)....... .2743 
W ater: (HeOy Ess S258 cere . 0564 
Silica(Si@s\ 2.35.5 .2 26h eer ee .0403 
Organic MAbbOr.: jsocis sos. aoe trace 
Oxygen equivalent............. .1189 © 
Totals 34. eee 4.2228 


Hypothetically combined as follows: 


Sodium chlorid (NaCl)......... 
Sodium sulfate (NaoSOu4)....... 


Grams Grains 
per liter. per gallon. 


Shon Sete . 8682 50.712 
aes angers 2477 14.468 


Sodium phosphate (NazPOu)................. trace trace 
Potassium sulfate (K2SOuz).................. .0817 4.772 
Lithium bicarbonate (LiHCOs).............. .0315 1.839 
Calciumesulfate (CaSO2) see ee eee 2.1031 122.842 
Barium bicarbonate (BaH2(COs)s)............ trace trace 
Strontium bicarbonate (SrH2(COs)2)......... trace trace 
Magnesium sulfate (MgSOu)................. .4241 24.771 
Magnesium bicarbonate (MgH2(COs)2)....... .4176 24 .392 
Iron bicarbonate (FeH2(COs)s................ .0086 .502 
Aluminum*oxid (AlsOs\eeeea. aes ee eetaeeties trace trace 
Silica (SOs) ee ncccate ae ceore wee cree ee eee .0403 2.355 
OrganicMattoriic.c. se ste seis ete tanto trace | trace 


Total since eens ie ees Oe 


Rr See onor 4.2228 246 .653 


Analysis by J. H. Banks. 
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COMPARISON OF SIMILAR WATERS. 


Lithium, as previously noted, is not an abundant element. 
The amount found in some waters is as follows: 


Grains per gallon. 


Geneva Springs, New York...... 1.55 | Condo-detonean, Ballston,N. Y.. .76 
Champion Spouting Spring, Sara- Bonifacias, Salzschliff, Germany, 4.49 
LOB ASINOW VOrKart inant esac .62 | Temple brunnen, Germany ...... 3.36 
Congress (Saratoga)............. .47 | Kreutznach, Germany, Elisabeth 
Geyser, spouting (Saratoga)...... .90 Quello dere -rrne aerinan neces 1.35 
United States (Saratoga)........ .48 | Baden-Baden, Germany, Haupt 
Artesian lithia, Ballston, N. Y... .77 LOLA per en ters Oak here eee Waly 
Artesian well, Ballston, N. Y..... .56 | Kissingen, Germany............. 53 


Franklin well, Ballston, N. Y....  .67 


Bromids and iodids, although never present in large quanti- 
ties, are regarded of great importance, on account of their thera- 
peutic action. The amount of bromin and iodin, calculated as 
grains per gallon, in some well-known waters, is mentioned be- 
low. 


Bromin. Todin. 

OCOAND Wa COM mek seca cdl SERN G felurars rtthieche ahs ala Mee 24.20 
1B ISING YS Rar ei oe A a a oR 121.50 
Saratoga, N. Y.: 

CAREY ETS STEIS pea el Ed Cae, re gh ee aS Se 6.72 12 

Chansplone PO UtN le nie seer ce tise ee eae acters wate eee 2.78 19 

A BEEN TOT aay Ay okt eit, otter oh kayaks, SCC oe ERO I CE AS CTPA ce One ERR 3.59 

AV ASE LOM eesirce oe se as cit ctnc a otto Mebee l= wiscainy num cekoae sus oo eat aectee 1.90 
Ballston, N. Y.: 

PNOSUOSIAIMIN DIA V ates seine Te: Ae) «cheers peat actinic: tae Site esan. th os he cest 2.83 10 

J OUREYTLS MCU PeST EY IS ak tee lSicend UNSEEN OPER LISLE. ese eee 3.60 .20 

Cond O-cdeconGa Macatee tuo cise saatererellaie. allan oA S oolonariotsiete Movers 1.83 18 

SBMS SOU CI re coeetae wom 0 Ae ween. Malet Cae Maas Soeeee Ma cece Isles 
Wratking Nise Deerlick Sprine 0 sve sways ners ot, see bees, ener 46 .03 
Kentucky: 

GECOIMES DELI EES ree terete auarore aie ogeta a i alee) elere knee iA on eiin on clede (ehh 11.24 

Whppers mito NGieKeeae tay. wears aco eather hee 2.96 13 
Walger SGN Kone vated kb hr tla Be, dae cat an catia Gan ein red ie er Se eA .60 
WiestaVicoiniacws OCU IS PLING ccvencn sac aia acecisrr aris erG ie ees .65 .63 
Canada: 

Satine sOutabionmemee ere cis cence an tense aio cerita tiee .76 .O7 

CRXPOM AS DELL OS pets airs ie seer dalek Meaney wise ahs, nev tes 1.55 
Germany: 

(GAM Ef). ori Olli ab BAO Oe NO DEED OIE nee Ip oR ERE Holle 2.45 

TRE ASSI) Ose euere cn avec © syste stelsia chet erreliae: apes eyiareseig cere 4.14 1.51 

Pei DrUniiy A-GOIN Ald meine ee cence teenie ot Git slers serena .38 1.47 

Salzoeurin, phvOOle Rare lec cicty doin) oo utteore at tieiessiar taseiie-cea renal Vater. sfortreriaters .82 

ESKOM ANAC Hs OOLAMIOHM as Bo cre ce craic cine clash eae als nie Seer siayack Tbe: .05 

Salzsenlitiee GLOSSIMGCrel 2c oc tre <icelae oni crrcta bitrates susratats 6.89 

Meassinvoni, Distemvassoln: acc seatise ache cet etme Ouse: 5.78 


BAG Ones adenylyl leery cnaterete vere ctomsts tae cietareleioces sc ahaa ) sists! 


CHAPTER XVIII. 


Soft-water Group. 


These are called by some ‘‘indifferent’’ and by others 
‘‘neutral’’ waters. Some of these contain even less than a 
grain of solid matter to the gallon. They are frequently of 
great value as therapeutic agents, especially for persons who 
have been accustomed to drinking hard waters. As stated in 
the chapter on therapeutics, often the most important thing 
about these waters is that they contain so few mineral ingre- 
dients. : 

A good example of this class of waters is that of Pfeffer’s 
Springs, where Martin Luther is said to have spent considerable 
time, and where he was cured of hypochondriasis. The 
waters of Wildbad, in Wurtemburg, are of this class. These, 
we know from Roman remains that have been found in the 
vicinity, were used even as early as the time of the Cesars. 

One reason why such waters are of value in diseases like con- 
stipation is, that the patient is induced to drink very large 
quantities of water, and this not only renders the contents of 
the intestines more fluid, but it helps to wash out the body. 
If the patient was not so situated that his attention was di- 
rected to the drinking of water, he would not use a sufficient 
quantity. 

The diuretic action of large quantities of water is well estab- 
lished. It also increases the quantity of urea, phosphates, 
chlorids and sulfates that are discharged. If large quantities 
of water are taken, the temperature of the body falls, and the 
number of pulsations of the heart and of the inspirations are 
diminished. , 

This group is represented by the following waters: 

Atchison, Parker’s spring. 

Brookville spring, Saline county. 
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Brookville No. 2. 
California spring, Franklin county. 
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Cave spring, Galena, (Jasper county, Missouri.) 


Chautauqua, Chautauqua county. 


Chico spring, Galena, Cherokee county. 
Clarus spring, Batesville, Woodson county. 


Conway Springs, Sumner county. 
Delaware springs, Wilson county. 
Linwood spring, Leavenworth county. 
Sand springs, Dickinson county. 


Atchison, Parker’s Spring. 


About two miles west of the city of Atchison, on the farm of 
J. W. Parker, is a fine spring that has been known for many 
years. It supplies the farm with an abundance of water. 


PARKER'S SPRING. 


IONS. RADICALS. 
Sori NV ONE) ve. docwescee ae oes trace | Sodium oxid (NazO)........... trace 
Potaasii (Roscoe eee: 0056 | Potassium oxid (K20),......... .0067 
Caloinmsi(Ca) ass. nedt ees cc 0212 | Calcium oxid (CaO............ .0297 
Magnesium (Mg).............. .0036 | Magnesium oxid (MgO)........ .0060 
Peat san obec Sse os 0009 | Iron oxid (FeO)....:......5.... .0012 
Piaraiaur (Alys.doc<s, . 5a. .0017 | Aluminum oxid (Al,Os)........ .0032 
Nitric acid ion (NO3)........... .0175 | Nitric anhydrid (N20s)......... 0152 
Ghiorin Olio. eae cos; 0063 | Chlorin (Cl). settee reeset ee eee 0063 
Sulfuric acid ion (SO,)......... .0053 | Sulfuric anhydrid (SOs)........ 0044 
Phosphoric acid ion (PO,)...... trace Phosphoric anhydrid (P20s).... trace 
Silicic acid ion (SiOs).......... FO25S le ulicar(Si@e errs ey eines ores 0200 
Water (EO mae con eee .0104 
Carbonic anhydrid (COz)....... .0508 
Oxygen equivalent ............ .0014 
d Woh 2) |e ene a aah AE Ae 1525 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon, 
‘Potassiumenitrate: (ION Os). <... scmertee fee .0144 .8398 : 

Calerum: nitrate:(Wa(NOs)onwse.. = 2. oo. 6 as .0115 .6686 

Calcium bicarbonate (CaHo(COsj2)......... .0745 4.3470 

Magnesium bicarbonate (MgH2(COs)2)..... 0147 8584 

Magnesium chlorid (MgCls)............... .0047 2727 

Iron bicarbonate (FeH2(COs)2)........,.... .0029 .1730 

Aluminum chilorid (AGIs)... se asc5 6. ese. .0035 . 2030 

Aluminum sulfate (Alo(SOu)s)............-- 0063 . 36957 

SITICAN SlO@siinwtmetn. cee maniche-iaoowee «lee eles 0200 1.1666 

TO tal Steg e Rio crsiare acre a letarens ti relia etaaiets . 1525 ' 8.8948 

Temperature ...... ESLER 16.6° C, (62° F.) 


Analysis by E, B. Knerr, 
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Brookville Spring No. 1. 


A remarkably pure water from about seven miles west of 
Brookville has been examined. It is clear, colorless, and of 
an agreeable taste. It contains only 8.097 grains of solid mat- 
ter per gallon, which consists of calcium bicarbonate, calcium 
sulfate, sodium chlorid, with traces of silica, alumina, and mag- 
nesium bicarbonate. 

Another water from Brookville, which was examined in June, 
1887, contains only 3.48 grains per gallon of mineral matter. 
This consists quite largely of silica, with small quantities of 
iron and aluminum, and traces of calcium and magnesium bi- 
carbonate, sodium chlorid, and sodium nitrate. This water is 
remarkably free from mineral matter, and is in fact one of the 
purest waters so far noticed in the state. As will be seen, it 
contains no more mineral matter than waters from the granite 
and sandstone ledges of the extreme Eastern states. 


California Spring, Norwood, Franklin County. 


This spring is on the farm of E. W. Hume, four miles north- 
west of Ottawa. It is pleasantly situated on the southern slope 
of the broad valley of the Marais des Cygnes. The flow is 450 
gallons per hour. The California spring is said to have derived 
its name from its situation on one of the numerous trails lead- 
ing across the state to the mountains and to California. On the 
unbroken prairie in the vicinity may still be seen numerous well- 
marked trails, all converging towards this bountiful water-sup- 
ply. <A few barrels of the water were shipped in 1902. That 
the water is of exceptional purity may be noticed from the 
analysis which follows : 
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CALIFORNIA SPRING, 


Grams per liter, 
IONS, RADICALS, 


Podinme(Naliee cee ss .0068 | Sodium oxid (NazO)............ .0092 
Calciumy(Calynosdcotod est .0146 | Calcium oxid (CaO)............ .0205 
Meaonesiume (Me) enue teecte 1th .0018 | Magnesium oxid (MgO),........ .0031 
rene (H etre sas scot asec ACEEE | Ub eoy al, ObMKol ENON See ee ook aac .0005 
Ghionind(Clyrase mere dcue oes ROLOGa ie Cn lorinu(Cll)sewysmuern orescence .0106 
Sulfuric acid ion (SQ,4).......... .0074 | Sulfuric anhydrid (SOs)........ .0062 
Silicic acid ion (SiOs)........... .0238 | Silicic anhydrid (SiOz).......... .0180 
Carbonic anhydrid (COz)....... .0327 
Water (HH sO) cercrisan cs cosccences .0067 
Oxygen equivalent.............. .0024 
Do ta liae eae sete aetns aie oho ane . 1051 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 

podium chloridsQNaGl\i cts os wcieac shore oak .0174 1.018 

Calcium sulfate (CaSO.) m2 ce. 4. sana e .0106 .618 

Calcium bicarbonate (CaHo(COs)2)......... .0466 2.721 

Magnesium bicarbonate (MgH2(COs)2)..... .0113 .661 

Tron bicarbonate (FeH2(COs)s)............. .0012 O71 

STUNG (SLO) Te Sate aed sorte tinted PRR ee oem .0180 1.049 

WOULRISP tee an HORM mins es crete o ele ns .1051 6.138 

PSM PeEraturers.ccsrc sieve se kos tee 14.4°C. (58° F.) 


Analysis by E. H. S. Bailey and D. F. McFarland. 


Cave Spring. 

Northeast of Galena, and on the south side of the ridge near 
the south bank of Spring creek, is a never-failing spring that 
is of great advantage to the community. In fact, as the city 
water at Galena is taken from Shoal creek, which drains the 
mines of the vicinity, and consequentlv contains both lead and 
zinc, this spring furnishes one of the best waters that can be 
obtained for domestic purposes. The flow is at least 400 gal- 
lons per hour. The water is hauled to the city, during the 
summer especially, for a large number of regular customers. 
About a quarter of a mile south of this, on the other side of 
the ridge, is Gum spring, which is also utilized in the same 
way by the people in the vicinity. Galena is reached by the 
St. Louis & San Francisco system. 
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CAVE SPRING. 


Grams per liter. 


314 
IONS, 

Bodmin (Naot oe oe eae .0025 
Caleisimd Cains. oe oes tae es .0198 
Magnesium (Mg).............. .0016 
NTOit (HC) soe os see .0028 
Chiorin(Cly aes a aera eee .0028 
Sulfuric acid ion (SO4)......... 0344 
Silicie acid ion (SiOz).......... 0227 


Sodium chlorid (NaCl)......... 
Sodium bicarbonate (NaHCOs) 
Calcium sulfate (CaSO,)........ 
Calcium bicarbonate (CaH2(COs)2).......... 
Magnesium sulfate (MgSOs).... 
Iron bicarbonate (FeH2(COz)s).. 
Dilica.(SiOs) ope eae ey 


Motalse soar Re OER eR ia 


Temperature). 2$.4..-.5+ 


RADICALS. 

Sodium oxid (Na2O)........... .0034 
Calcium oxid (CaO) .....-..... .0278 
Magnesium oxid (MgO)........ .0026 
Troncoxid (He). eee .0036 
Chiorith (Ci) tere ers. ee eee .0028 
Sulfuric anhydrid (SOz)....... 0287 
Silicic anhydrid (SiOz)......... .0179 
Carbonic anhydrid (COz) ...... .0245 
Water (Hs@)2 eae ee .0049 
Oxygen equivalent .......,.... .0006 
Totalcs ack. orcas oe eee 1156 

Grams Grains 

per liter. per gallon, 

Ra ee A .0046 . 2684 

PSUS eee .0028 . 1634 

Meith: ona ata .0399 2.3321 

.0328 1.9140 

dh sleet Sits: .0087 .5081 

bi a ecariaete .0089 .5201 

Bee ae .0179 1.0461 

eT oe .1156 6.7522 


15° C. (59° F.) 


Analysis by E. H. S. Bailey and E, McCullom. 


Chico Spring. 


The country in the vicinity of Galena is much diversified 
and well watered. A mile northwest of this city, in a wooded 


valley, is the so-called Chico spring. 


In the high water this 


spring is covered by the stream, but it ordinarily flows out of 
the gravel and into the creek. The flow is about 600 gallons 


an hour in the dryest weather. 


zinc. 


This water contains traces of 


- Analysis by E. H.S. Bailey and E. McCullom. 
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CHICO SPRING. 
Grams per liter, 
IONS. RADICALS. 
Soditmis(Na\e seen ook ost .0034 | Sodium oxid (NagO)............ .0046 
Galeiumea(Cayecn 9. cat eck 0258) |e Calcium oxid’(CaQ), 2g nose 0642 
Magnesium (Mg): .....0.6....5. .0068 | Magnesium oxid (MgO)......... 0113 
Miran ne) sede ae ee ni ec kee AUER ET itovalecope Col (NEKO), ounce. oo Aeon o .0035 
@hlorint(Cliks-c mmm. oc oes CO0S5 ae Cinilonina(@ iene weneatonse cee ae 0035 
Sulfuric acid ion (SOy),......... .0650 | Sulfuric anhydrid (SOs) ........ 0544 
Silicic acid ion (SiOs)........... .0177 | Silicic anhydrid (SiOz).......... .0140 
Carbonic anhydrid (COz)....... .0835 
Weater(HsOll soeoseaccasea oe at .0174 
Oxygen equivalent ............. .0008 
Total AG ce een tate Noo e ee ee . 2556 
Hypothetically combined as follows : 
Grams Grains 
per liter, per gallon. 

pouiumchlorid (NaGl)\e aes. mca ae ate cen .0058 3384 

Sodium bicarbonate (NaHCOs).............. .0041 . 2392 

Calcium’ sulphate (CaSO). (0.6... eas .0448 2.6215 

Calcium bicarbonate (CaH2(COs)2)........... .1443 8.4244 

IM ASTIORI UAE SOs) oeecpa eet, wal aae ie 0339 1.9810 

Iron bicarbonate (FeH2(COs)2)............... .0087 .5080 

SHIGA SIOs acres. are se pees yeu era .0140 .8170 

DOGS ee tere eta: Maer Aa etna ls aes aegis A .2556 14.9295 

Wemperaturenwonecee wy eee 14.8° C. (58.6° F.) 


IKansas Clarus Spring, Batesville, Woodson County. 


For description, see chapter XVI. 


Grams 

IONS. per liter. 

Sodiamu(Na)tsemen sakes ae ae. .0315 

Waleimmi(Ca)ese vw seer aoe .0492 

Magnesium) (Mg)...5....6.5..06-6 .0065 

bronn(We\ emer mstatnt eames aes .0005 

Ghiorink (Citas wats Lee ones .0052 

Sulfuric acid ion (SO,).......... .0080 

Silicic acid ion (SiOz) ........... .0085 

Hypothetically combined as follows: 
Grams Grains 

per liter. per gallon, 
SodiumechioridseNaGl)-se. anes sacha eres: .0087 .510 
Sodium sulfate (NasSO,). .2.. - 22. wee. ene = .0119 .695 
Sodium bicarbonate (NaHCOs)............. .0894 ©.210 
Calcium bicarbonate (CaHo(COs)2).......... . 1990 11.605 
Magnesium bicarbonate (MgH2(COs)2) ...... .0397 2.320 
Tron bicarbonate (FeH2(COsz)2).............. .0018 105 
SSILIGAN SiOz) parame ogee oar ee sow oeere acre tere aati .0067 392 
Oreanicemattercn .cocase ooo. cee slight trace slight trace 
OCA S eet erat see cae ce ech haya 38072 20.837 

Temperature............ 20° C. (68° F.) 


Analysis by Church and Lovewell. 
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Conway Springs, Sumner County. 


There were originally seven springs in use in this locality, all 
within a radius of fifty feet, but the use of all but two has been 
discontinued. One of these flows at the rate of one gallon per 
minute, with a temperature of 13.8°C. (57° F.), and the other at 
the rate of one and one-half gallons per minute, with a temper- 
ature of 14.4°C.(78°F.) These springs are encased with twenty- 
four-inch tiling, and are situated in a pavilion about twenty 
feet square. 

They are located in a five-acre park of Russian mulberry and 
catalpa trees, and there is a lake, covering perhaps half an acre, 
below the springs. 

The water has been used medicinally for years, and much 
of it is used in the surrounding county as a table water, but 
very ‘little has been shipped away. Conway Springs is at a 
crossing of two lines of the Missouri Pacific railroad. 


CONWAY SPRINGS. 
Grams per liter. 


IONS, RADICALS, 

Sodimi(Na) ner sane ne eee .0038 | Sodium oxid (Na,O)........... .0050 
Potassium (eer sees .0010 | Potassium oxid (K,O)......... .0012 
Calctuni(Cakza.cte eee :0102 | Calcium oxid (Ca@) ..255.. 2.2. -0143 
Magnesium (Moers ree .0022 | Magnesium oxid (MgO)........ .0037 
Broni(He) earache svar ates eee eck 500125) Slronioxid: (H6@) 22a eae .0016 
@hioriny (Cl) eee eee 50036; Chiorint(@)\eec asses eee .0036 
Sulfuric acid ion (SQ4)......... .0024 | Sulfuric anhydrid (SOs)........ .0020 
Phosphoric acid ion (POs)...... .0090 | Phosphoric anhydrid (P,O;)... .0067 
Silica acid ion (SiOs)........... .0108 | Silicic anhydrid (SiO,)........ .0086 
Carbonic anhydrid (COz)...... .0129 

TTotalie cary cee ee eee 0596 


Analysis by G. H. Failyer. 


This is a remarkably pure water, and contains only 3.48 grains 
of mineral matter to the gallon. 


Delaware Springs. 

Extending along the western edge of Wilson county and the 
eastern edge of Elk county is a range of the Chautauqua hills 
—bluffs composed of shales and sandstones, and generally coy- 
ered with scrubby growths of black-jack oak. The sandstones, 
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which are of varying thickness, are composed of coarse grains 
of sand, loosely cemented, and often occur quite free from iron, 
as indicated by the white color of the weathered portions. 
Where such beds can be found of considerable thickness and 
extent they serve as natural filters and reservoirs, which supply 
exceptionally pure water to the wells that may be sunk into 
them and to the many springs that occur in the ravines cutting 
down through them. This condition exists in typical form 
about ten miles northwest of Fredonia, in Wilson county, at 
what is known as the Delaware spring. The hill upon which 
the spring occurs is about two miles in length from north to 
south, and from one to two miles in width. At its northern 
end the hill terminates in a rocky cliff, showing an exposure of 
perhaps sixty feet of white sandstone. Three-fourths of a mile 
south of this a ravine runs to the west, and almost at its very 
head, and upon its northern slope, the spring appears from a 
fissure in the sandstone. The flow is not great, but is constant 
throughout the year, at the rate of a gallon in thirty-five seconds. 
The water is exceptionally pure, clear, and colorless, and pos- 
sesses the peculiar but not unpleasant taste that characterizes 
the finest cistern water. 

Two or three other springs appear within a few yards of the 
one described, but nearer the head of the ravine. One of 
these, though said by the people of the place to produce 
‘‘softer’’ water than that from the Delaware spring, yet con- 
tains a large quantity of iron, as evidenced by the heavy 
brown deposit of ferric hydroxide which coats its channel. 
The springs have been known for the fine quality of their wa- 
ter ever since the settlement of the country. The Delaware 
Indians are said to have valued them highly, and catch-basins 
cut in the sloping face of the sandstone, below the springs, are 
still shown, which are the reputed work of these people. The 
water was first used for medicinal purposes about 1893, and 
has been more or less in demand ever since. Some remarkable 
cures of kidney and stomach troubles are reported to have fol- 
lowed its use. The place has become a resort for people want- 
ing an outing of a few days, and perhaps a half-dozen families 
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make their summer camps under the black oaks in the neigh- 
borhood. It is also becoming a popular place for holding 
camp-meetings, Fourth of July celebrations, and old soldiers’ 
reunions. Stella, the nearest postoffice to the Delaware springs, 
may be reached by a drive of ten miles from Fredonia, the 
county-seat of Wilson county. The latter town is at the crossing 
of the A: T. & S: Bu, the M. Ps and the St, G. 67 ran 


roads. 
DELAWARE SPRINGS, 


Grams per liter. 


IONS, RADICALS. 
Sodium: (Naya eccn Saancce tees .0099 | Sodium oxid (NasO).........-.. .0134 
POtASSIUI (IN ras eee 10055 +) Potassium oxid (KsO) 35.2. 2-4. - .0067 
@alcitumig(@a) ee once aceite 10124 | Calcium oxid (CaO) 252.48 eae .0143 
Maenesiain: (Mp) errr eer .0067 | Magnesium oxid (MgO)......... .O111 
Lront (Hie) Acer. ee oe sens 0019" |S ironvoxid'(WeO)\e sea ese ate. .0025 
@hilorin (Cl) aaa ete eer 1015478 Chilorin: (©) aie eer arrestee .0154 
Sulfuric acid ion (SO4).......... .0130 | Sulfuric anhydrid (SOs) ........ .0109 
Nitric acid ion (NO3)..:......... .0089 | Nitric anhydrid (N2Os;).......... .0077 
Silicic acid ion (SiOz)........... JOZLOM PE Silica (SiOrls-e ec ase eae .0173 
Water (HoO}ir.. cea net teks .0077- 
Carbonic anhydrid (COz)....... .0381 
Oxygen equiyslent.: -Ssce ose .0034 
otaliae mets vtec eee .1417 
Hypothetically combined as follows: 
Grams Grains 
per liter. per gallon. 

Sodimmechiorids(Na@)\eeeses sees cee erie 0254 1.4836 

Potassium nitrate (KNOs)................. .O144 .8411 

Calciumesulfate(CaSOA nace ee eee eee .0185 1.0805 

Calcium bicarbonate (CaHo(COs)2......... .0194 iheey 

Magnesium bicarbonate (MgHo(COs)2...... .0405 2.3656 

Iron bicarbonate (FeH2(COs)2............. .0062 .3621 

Silicated(SiOs ese aoe eee eee .0173 1.0104 

Totalse) tee oe Oe eee aoe 1417 8.2766 


Analysis by E. H. S. Bailey and O, F. Stafford. 


Linwood Spring. 


On the north side of the Kaw river, about ten miles east of 
Lawrence and a short distance west of Linwood, in the vicinity 
of the sandstone outcroppings, is a clear, cold spring of pure 
water upon the McCarrol place. This water contains 9.9 grains 
of mineral matter to the gallon, which consists of silica, calcium 
carbonate, calcium sulfate, sodium chlorid, with traces of mag- 
nesium carbonate. This is another good example of a ‘‘soft’’ 
water. 
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Sand Springs, Dickinson County. 


These springs are situated near the Smoky Hill river, between 
two and three miles west of Abilene. The water is utilized as 
the city supply of Abilene, and is used, on account of its purity, 
on the dining-cars of the Union Pacific railroad. It is one of 
the very best city supplies in the state. On evaporation the 
water leaves only 8.152 grains of mineral matter per gallon. 
This consists essentially of calcium and magnesium carbonates, 
calcium sulfate, and sodium chlorid. The specific gravity of 
the water is 1.001. The water is used in large quantities by 
the Sand Springs Bottling Works in the manufacture of soda- 
water. 
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COMPARISON OF SIMILAR WATERS. 


The amount of mineral matter contained in some of the so- 
called ‘‘soft’’ waters of the worldis noted below. In the Apa- 
lachian and Green Mountain regions of the United States, where 
the rocks are granite or sandstone, and where there is fre- 
quently very little soil through which the water can percolate, 
the purest waters are found. 


Grains 
per gallon. 

Sheep Rock, Lowell, Mass., artesian well, boredin granite, .81 

Paradise spring, Brunswick, Mo.: >. 2.3.20: ee ose ee ee 99 

Pownal spring, West Pownal, Me......................-. 1.15 

Pure spring; Crosson, Pas. 2. 2.5 ase eee ape ee oan ae 1.26 

Pavilion spring, Wernersville, Pa......................-- 1.98 

Holly spring, Woonsocket, RT 2232.22. 2-2 eee eee 2.50 

Lechauweki spring, Bethlehem, Pa...................... 3.57 

Poland spring; South Poland, Moe - >>> -- sa eee 3.76 

Jordan, chalybeate, Rockbridge county, Virginia........ 6.45 

Tunbridge Wells, England....... ee eh eS eee Soe 1k Ok 

Baréges, Wrance 23.2020. as oe eae er Oe eee eee 10.32 

Silurian spring, Waukesha, Wis.............. RN nS pe 18.69 

Schlangerbad; Germany «041. +425.5.- eee eee ee 20.46 

Aix-les-Bains, France........ SS we eae oe ier eee 25.07 

KANSAS WATERS. 

Conway Spriggs... 2J35.4-2- - 3.41 | Delaware Springs,..2.---2 secs 8.27 
Brookyille No. 2*.............. 3.84 | Parkor’soso2550 ee ee 8.89 
Calhifornia.22 3.2... eee ae. 6.13 | Linwood: *2332 eee eee 9.90 
CAYO. SPE ea oe eee ae ee oe 6:15.41 Chico:spring2) == eee 14.92 
Brookyille No: 143 a eee ee 3.00-|) Kansas Clarus 3- eae eee 20.83 
Sand springs hy lon, eee 8.15 


* Carbon dioxid to form bicarbonates is not included. 
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Chico Spring, Galena. 
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Conway Springs. 


Delaware Spring. 


CHAPTER XIX. 


GEOLOGICAL DISTRIBUTION OF MINERAL SPRINGS AND 
WELLS. 


BY W. R. CRANE. 


The object of this chapter is to give the formations in which 
the wells and springs discussed in this report occur, together 
with a statement regarding the probable source of their waters. 

It is often difficult, by simply examining the log of a well, to 
determine which of a series of water-bearing strata is respon- 
sible for the supply. 

Wells are often sunk several hundred feet below the stratum 
which is the main source of supply. Such wells, although 
cased below the water-bearing strata, may still draw their 
waters from them. It is, therefore, not uncommon to find 
wells ranging in depth up into the hundreds of feet which 
are fed by water-sheets only a hundred feet or so below the 
surface. Such a condition of affairs is rather confusing when 
considered from the standpoint of the normal arrangement of a 
well. Many wells in which the water rises a considerable dis- 
tance after completion illustrate the condition of affairs stated 
above, which is, however, frequently attributed to hydraulic 
waters, or those having to a limited degree the artesian princi- 
ple. 

Distributed throughout the different geological areas, wells 
have been chosen, which, with generalized sections, are taken 
to illustrate, as nearly as possible, the geological sequence and 
association of strata passed through, together with the water- 
bearing strata, which are, or probably are, the source of waters 
obtained. 

The wells and springs are taken up in the order of the distri- 
bution of the geological areas, proceeding from the eastward to 

21—vii (323) 
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the westward. This arrangement seems the simplest and most 
logical, as it groups all of the sources of supply into districts, 
thus facilitating their discussion ; otherwise they would be scat- 
tered indiscriminately over the whole area of the state, produc- 
ing a complexity and confusion of arrangement. 

The order of the geological areas chosen for this discussion is 
as follows: Sub-, Lower and Upper Carboniferous, Permian, 
Red Beds (or Upper Permian), Cretaceous (which may, for con- 
venience in this connection, be divided into the Dakota and the 
Upper Cretaceous), and lastly the Tertiary. 


Discussion of Wells and Springs by Formation. 
SUB-CARBONIFEROUS. 


Cherokee County. Ball’s mineral well is located near the out- 
crop of the Sub- and Lower Carboniferous strata. It obtains 
its waters from the Sub-Carboniferous. 

Cave and Chico springs, in the neighborhood of Galena, are 
located in the Sub-Carboniferous strata and draw their waters 
from tbe highly fissured limestone and chert formations, which 
are so productive of lead and zinc in Kansas and Missouri. 

Baxter springs are located just east of the outcrop of the 
Lower Carboniferous. They have as a source of supply the 
Sub-Carboniferous. 

LOWER CARBONIFEROUS. 


Cherokee County. The Columbus well, although situated 
several miles west of the eastern limit of the Lower Carbonifer- 
ous, passes through the same and penetrates the Sub-Carbon- 
iferous and derives its supply from the same. 


Crawford County. The Pittsburg city well was sunk as a 
prospect hole, but is used at present as a source of water-sup- 
ply for the city. It passes t. ugh the Lower Carboniferous 
and Sub-Carboniferous and penetrates the Lower Silurian, but 
probably draws its supply from the Sub-Carboniferous. The 
Cherokee well also obtains its waters from the Sub-Carbonifer- 
ous. 

The Girard well receives its supply from the lower strata of 
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the Sub-Carboniferous, or from a point near the contact of the 
Sub-Carboniferous and Lower Silurian. 


Bourbon County. The two Bourbon county wells discussed 
in this report are located at Fort Scott. These wells are known 
as the artesian and sulfo-magnesian. They both tap the 
Lower Silurian, from which they draw their waters. 


Linn County. The La Cygne iron spring is located in and 
draws its water from the Lower Carboniferous. 


Neosho County. The St. Paul well, although located in the 
Lower Carboniferous, derives its waters from the Sub-Carbonifer- 
ous or Lower Silurian, possibly both. 


UPPER CARBONIFEROUS. 

Labette County. The Mound Valley well probably drains Lower 
Carboniferous strata. 

The Parsons mineral well is situated about on the outcrop of 
the Upper and Lower Carboniferous strata, but, being shallow, 
may lie wholly within the Upper Carboniferous. 


Montgomery County. The Independence bromo-magnesian 
well passes through both Upper and Lower Carboniferous and 
derives its supply from either the Sub-Carbononiferous or Lower 
Silurian. 

The Coffeyville well lies wholly within the Upper Carbonifer- 
ous strata. 

The Coffeyville artesian well taps the Lower Silurian, from 
which it derives its waters. 

The Parkhurst spring has its source in the Upper Carboniferous 
strata. 


Chautauqua County. Chautauqua springs lie within and re- 
ceive their waters from the Upper Carboniferous. 


Wilson County. The Fredonia well extends to the Lower 
Silurian and probably gets its water from the same. 

The Coyville well draws its supply from the Upper or Lower 
Carboniferous. 

The Delaware springs, at Stella, lie wholly within the Upper 
Carboniferous. 
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Greenwood County. The Madison sulfur well obtains its 
waters from the Lower or Sub-Carboniferous. 

The Madison salt well has as a source the saliferous shales of 
the Sub-Carboniferous. 

The Eureka mineral well probably lies wholly within the 
Upper Carboniferous. 


Woodson County. The Piqua brine well has as a source of its 
supply the shales of the Upper and Lower Carboniferous. 

The Clarus springs, at Toronto, lie wholly within the Upper 
Carboniferous. 


Allen County. The Iola. mineral well probably derives its 
supply from the Lower Silurian. 


Lyon County. Stotler’s well draws from the Upper Carbon- 
iferous. 


Morris County. The Council Grove magnesium well lies 
within the Upper Carboniferous and probably derives its waters 
from the same. 


Osage County. The Carbondale well lies wholly within the 
Upper Carboniferous. The Overbrook well also draws from the 
Upper Carboniferous. The Schoolhouse well is also Upper 
Carboniferous. The Merrill spring is an Upper Carboniferous 
product. 


Franklin County. Miller’s well, at Norwood, probably gets 
its supply from the Upper Carboniferous. 

The Williamsburg well draws its supply from the Upper 
Carboniferous. 

Sylvan springs lie within the Upper Carboniferous. 

The California springs are also a product of the Upper Car- 
boniferous. 


Douglas County. The Lawrence artesian well draws its sup- 
ply from either the Sub-Carboniferous or the Lower Silurian, 
probably the former, or even higher up. 

Both Williams and Eudora springs are products of the Upper 
Carboniferous strata. 
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Shawnee County. The Boon, Capital and Topeka wells lie 
_ within the Upper Carboniferous, which is the source of their 
supply. Phiilips’s spring also receives its waters from the Up- 
per Carboniferous strata. 


Riley County. The Blasing well, at Manhattan, lies wholly 
within the -Upper Carboniferous. 


Leavenworth County. The Kickapoo and Linwood springs 
both derive their waters from the Upper Carboniferous. 


Atchison County. The prospect-hole well, south of Atchison, 
penetrated the Lower Silurian, but receives its waters both from 
the Sub- and Lower Carboniferous strata. 

The Becker and A. B. C. Laundry wells have, as a source of 
their waters, the Upper Carboniferous. 

The Dixon, McDuff, Arrington and Parker springs obtain 
their waters from the Upper Carboniferous strata. 


Doniphan County. The Eagle springs lie wholly within the 
Upper Carboniferous strata. 


Brown County. The Sun and Sycamore springs both receive 
their supply from the Upper Carboniferous. 


Nemaha County. The Centralia gypsum well draws its supply 
from the Upper Carboniferous strata, but may be contaminated 
with the gypsum salts from the Permian strata to the westward. 

The Capioma well probably drains Upper Carboniferous 
strata. 

Wyandotte County. The Wyandotte gas well penetrates the 
Lower Carboniferous strata, from which it receives its supply. 

The Forest Lake well is Upper Carboniferous. 

Bonner and Forest Lake springs lie wholly within the Upper 
Carboniferous formation. 

PERMIAN. 

Sumner County. The Conway spring is situated on the out- 
crop of the Upper and Lower Permian, or the Red Beds and 
the Permian strata, receiving its waters largely from the former. 


Butler County. The Providence mineral well probably draws 
its waters from the Upper Carboniferous strata. 
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Fiarvey County. The Walton mineral well is Permian. 


Marion County. The Marion mineral well probably has its 
source in the Upper Carboniferous strata. 
The Chingawassa springs are all in the Permian. 


Dickinson County. The Abilene Gas and Oil Company’s well 
-_passes into the Lower Carboniferous strata and probably draws 
its waters from both the Upper and Lower Carboniferous. 

The Abilene sand springs are a product of the Permian. 


McPherson County. The Conway springs, located on or near 
the outcrop of the Permian and Tertiary, probably receive their 
supply from the Tertiary. 


Saline County. The Brookville spring lies on or near the out- 
crop of the Permian and Tertiary and is fed by the Tertiary. 


Geary County. The seven springs near Junction City obtain 
their waters from the Permian. 


Clay County. The Wakefield sulfur well lies wholly within 
the Permian. 


Pottawatomie County. Hoover’s and Moodyville springs have 
their source in the Permian strata. 

The Louisville iron spring is on or near the outcrop of the 
Permian and Upper Carboniferous and probably receives most 
of its waters from the Permian. 


Nemaha County. The Neuchatel spring is on or near the out- 
crop of the Permian and Upper Carboniferous strata. It re- 
ceives its supply largely from the Permian. 


RED BEDS OR UPPER PERMIAN. 


The only water that is obtained from this area is that men- 
tioned at Conway, Sumner county. 


DAKOTA. 


Barton County. The Great Bend mineral well probably re- 
ceives its supply from the Dakota strata. 


Rice County. The Little River mineral spring is on or near 
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the outcrop of the Dakota and Permian. It obtains its waters 
_ from the Dakota. 


Cloud County. The sulfur spring at Concordia is on or 
near the outcrop of the Upper Cretaceous and the Dakota 
and draws its supply largely from the Upper Cretaceous. 


TERTIARY. 


Cowley County. The Arkansas City mineral well receives its 
supply from either the Permian or the Upper Carboniferous, 
probably the former. 

The Geuda springs are located on or near the outcrop of the 
Tertiary and Permian strata, and receive their waters largely 
from the Tertiary. 


Reno County. The Hutchinson brine well, although situated 
on the Tertiary, draws its supply from the Red Beds or Upper 
Permian. 

UPPER CRETACEOUS. 


Mitchell County. The Waconda springs are, in some respects, 
the most interesting natural phenomena known in the state. 
They are what might be called deep-seated springs, as they 
draw their supply through a considerable vertical distance from 
the saliferous shales overlying the Dakota. 


Ellis County. The Victoria spring exists in the Upper Cre- 
taceous and obtains its waters from the same. 


Russell County. The spring at Fay lies wholly within the 
Upper Cretaceous. 


Jewell County. White Rock and Omio springs receive their 
waters from the Upper Cretaceous. 
The Burr Oak well also drains the Upper Cretaceous strata. 


As previously stated, it is a rather difficult task to give any- 
thing like an exact geological position to the sources of supply 
of wells and springs, especially wells, as the depth is, in most 
cases, not exactly known, aud, even if it were, an element of 
doubt exists. 
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Springs are usually merely superficial phenomena, while 
wells, as a tule, especially mineral wells, extend to and often 
through several unaltered formations, thus drawing their sup- 
ply from the vadose or deeper-seated superficial waters. 

From the depth of many of the wells discussed in this re- 
port, it is evident that they are receiving their waters from sur- 
face accumulations of eroded and disintegrated formations. 
They cannot, therefore, be said to exist in any geological forma- 
tion, but have been located geographically by geological areas. 
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